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On ������ �1�R�Y�H�P�E�H�U���Å���� December 2023 editorial board of the Engineering Survey journal in 
conjunction with the Russian Geotechnical Institute LLC, Russian Geotechnical Association, and the 
Union of Prospectors held the 18th All -Russian scientific and practical Conference and Exhibition 
�³�3�U�R�V�S�H�F�W�V���I�R�U���G�H�Y�H�O�R�S�P�H�Q�W���R�I���H�Q�J�L�Q�H�H�U�L�Q�J���V�X�U�Y�H�\���L�Q���5�X�V�V�L�D�Q���)�H�G�H�U�D�W�L�R�Q�´�����0�R�V�F�R�Z��. 

The conference was attended by 452 specialists from 159 survey organizations, research 
institutes, universities and Main Department of State Expertise from 41 cities of the Russian 
Federation: Anadyr, Belgorod, Birobidzhan, Voronezh, Dolgoprudny, Yekaterinburg, Ivanovo, 
Irkutsk, Izhevsk, Yoshkar-Ola, Kirovsk, Krasnodar, Kazan, Krasnoyarsk, Moscow, Murmansk, 
Nalchik, Nizhny Novgorod, Novokuznetsk, Novosibirsk, Mayma of the Altai Republic, Omsk, 
Oktyabrsky, Penza, Perm, Rostov-on-Don, Samara, Stavropol, Saint Petersburg, Surgut, Temryuk, 
Tomsk, Tyumen, Ufa, Ukhta, Kholmsk, Khanty-Mansiysk, Cheboksary, Cherepovets, Chita, 
Yakutsk. 131 reports were presented. 

In the materials of the 18th All-Russian scientific and practical Conference �³Prospects for 
�G�H�Y�H�O�R�S�P�H�Q�W���R�I�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �V�X�U�Y�H�\�� �L�Q�� �5�X�V�V�L�D�Q���)�H�G�H�U�D�W�L�R�Q�´ there are presented publications on 
various aspects of engineering survey and design. 

Materials are intended for a wide range of specialists in the field of engineering surveys, 
design, construction, and ecology, for students and graduate students of specialized universities. 
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�h�g�b�� �k�i�h�k�h�[�g�u�� �m�q�b�l�u�\�Z�l�v�� �i�j�b�[�e�b�`�_�g�g�h�� �e�b�r�v�� �b�a�f�_�g�q�b�\�h�k�l�v�� �]�j�m�g�l�h�\�� �b�� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v�� �b�o��
�k�\�h�c�k�l�\���� �\�_�j�h�y�l�g�h�k�l�g�u�_�� �f�_�l�h�^�u�� �h�p�_�g�d�b�� �m�k�l�h�c�q�b�\�h�k�l�b�� �k�d�e�h�g�h�\�� �\�� �j�y�^�_�� �k�e�m�q�Z�_�\��
�i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_�� �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�o�� �f�_�l�h�^�h�\�� �^�e�y�� �]�_�h�l�_�o�g�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z���� �G�_�k�d�h�e�v�d�h��
�\�_�j�h�y�l�g�h�k�l�g�u�o���f�_�l�h�^�h�\�����\�d�e�x�q�Z�y���f�_�l�h�^���l�h�q�_�q�g�h�c���h�p�_�g�d�b�����3�(�0�������f�_�l�h�^���F�h�g�l�_-�D�Z�j�e�h�����0�&�0����
�b���f�_�l�h�^���k�e�m�q�Z�c�g�u�o���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\�����5�)�(�0�������f�h�]�m�l���[�u�l�v���h�[�t�_�^�b�g�_�g�u���k���f�_�l�h�^�h�f���d�h�g�_�q�g�u�o��
�w�e�_�f�_�g�l�h�\���� �5�)�(�0���h�l�e�b�q�Z�_�l�k�y���l�_�f���� �q�l�h�� �m�q�b�l�u�\�Z�_�l�� �w�n�n�_�d�l�u���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���b�a�f�_�g�q�b�\�h�k�l�b����
�\�d�e�x�q�Z�y�� �j�Z�k�k�l�h�y�g�b�_�� ���^�e�b�g�m���� �d�h�j�j�_�e�y�p�b�b���� �W�l�h�� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a�� �i�j�b�q�b�g�� �j�Z�a�e�b�q�b�c�� �\�� �h�p�_�g�d�_��
�\�_�j�h�y�l�g�h�k�l�b���h�[�j�m�r�_�g�b�y�����j�Z�k�k�q�b�l�Z�g�g�h�c���g�Z���h�k�g�h�\�_���5�)�(�0�����\���k�j�Z�\�g�_�g�b�b���k���[�h�e�_�_���l�j�Z�^�b�p�b�h�g�g�u�f�b��
�\�_�j�h�y�l�g�h�k�l�g�u�f�b�� �f�_�l�h�^�Z�f�b���� �<�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �\�u�i�h�e�g�_�g�h�� �k�j�Z�\�g�_�g�b�_�� �f�_�l�h�^�h�\�� �0�&�0����
�3�(�0�� �b�� �5�)�(�0�� �g�Z�� �i�j�b�f�_�j�_�� �h�p�_�g�d�b�� �m�k�l�h�c�q�b�\�h�k�l�b�� �h�l�d�h�k�h�\�� �^�h�j�h�`�g�h�c�� �g�Z�k�u�i�b���� �\�� �h�k�g�h�\�Z�g�b�b��
�d�h�l�h�j�h�c���a�Z�e�_�]�Z�x�l���k�b�e�v�g�h�b�a�f�_�g�q�b�\�u�_���b���q�Z�k�l�b�q�g�h���k�e�Z�[�u�_���]�j�m�g�l�u�����H�k�j�_�^�g�_�g�g�u�c���d�h�w�n�n�b�p�b�_�g�l��
�m�k�l�h�c�q�b�\�h�k�l�b �k�h�k�l�Z�\�b�e�����������Å�������������I�j�b���w�l�h�f���j�Z�k�q�_�l���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���f�_�l�h�^�Z���k�e�m�q�Z�c�g�u�o���i�h�e�_�c��
�5�)�(�0�� �i�h�d�Z�a�Z�e�� �j�_�Z�e�v�g�m�x�� �\�h�a�f�h�`�g�h�k�l�v�� �h�[�j�m�r�_�g�b�y�� �g�Z�k�u�i�b���± �\�_�j�h�y�l�g�h�k�l�v�� �w�l�h�]�h�� �k�h�k�l�Z�\�e�y�_�l��
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2. �F�_�l�h�^�h�e�h�]�b�q�_�k�d�Z�y�� �[�Z�a�Z�� �i�h�� �j�Z�a�j�Z�[�h�l�d�_�� �k�b�k�l�_�f�u�� �h�p�_�g�h�d�� �b��
�d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �f�_�l�h�^�h�\�� �g�Z�^�_�`�g�h�k�l�b�� �i�j�h�_�d�l�b�j�m�_�f�u�o�� �k�h�h�j�m�`�_�g�b�c�� �^�h�e�`�g�Z��
�[�Z�a�b�j�h�\�Z�l�v�k�y���g�Z���k�l�h�o�Z�k�l�b�q�_�k�d�h�f���i�h�^�o�h�^�_���>�����@�� 

�<�f�_�k�l�_�� �k�� �l�_�f���� �b�k�i�h�e�v�a�m�_�f�u�_�� �\�� �i�j�Z�d�l�b�d�_�� �l�j�Z�^�b�p�b�h�g�g�u�_�� �i�h�^�o�h�^�u�� �d��
�d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �h�p�_�g�d�_�� �m�k�l�h�c�q�b�\�h�k�l�b�� �k�d�e�h�g�h�\�u�o�� �f�Z�k�k�b�\�h�\�� �h�j�b�_�g�l�b�j�h�\�Z�g�u�� �\��
�i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �g�Z�� �h�i�j�_�^�_�e�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�l�h�c�q�b�\�h�k�l�b��K�m�k�l���� �Z�� �l�Z�d�`�_��
�i�h�e�h�`�_�g�b�y�� �e�b�[�h�� �i�h�l�_�g�p�b�Z�e�v�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �j�Z�a�j�m�r�_�g�b�y���� �e�b�[�h��
�k�n�h�j�f�b�j�h�\�Z�\�r�_�c�k�y�� �a�h�g�u�� �k�f�_�s�_�g�b�y���� �I�h�e�m�q�Z�_�f�u�_�� �i�j�b�� �w�l�h�f�� �a�g�Z�q�_�g�b�y��
�d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�l�h�c�q�b�\�h�k�l�b�� ���d�h�w�n�n�b�p�b�_�g�l�Z�� �a�Z�i�Z�k�Z�� �b�e�b�� �d�h�w�n�n�b�p�b�_�g�l�Z��
�[�_�a�h�i�Z�k�g�h�k�l�b���± �6�)�����h�l�j�Z�`�Z�x�l���k�h�k�l�h�y�g�b�_���k�d�e�h�g�h�\�h�]�h���f�Z�k�k�b�\�Z���l�h�e�v�d�h �g�Z���f�h�f�_�g�l����
�d�h�]�^�Z�� �b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�_�� �m�k�e�h�\�b�y�� �f�Z�k�k�b�\�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y��
�i�h�d�Z�a�Z�l�_�e�y�f�b���� �i�j�b�g�y�l�u�f�b�� �\�� �d�Z�q�_�k�l�\�_�� �b�k�o�h�^�g�u�o���� �I�j�b�� �w�l�h�f�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h��
�i�j�h�q�g�h�k�l�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���]�j�m�g�l�h�\�����y�\�e�y�x�l�k�y���g�_�b�a�f�_�g�g�u�f�b���b���h�^�g�h�j�h�^�g�u�f�b���\��
�i�j�_�^�_�e�Z�o�� �\�u�^�_�e�_�g�g�u�o�� �b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� ���B�=�W���� ���j�Z�k�q�_�l�g�u�o��
�]�_�h�e�h�]�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\���± �J�=�W�������L�j�Z�^�b�p�b�h�g�g�h�����i�h�e�m�q�Z�_�f�u�_���i�j�b���d�h�e�b�q�_�k�l�\�_�g�g�h�c��
�h�p�_�g�d�_�� �m�k�l�h�c�q�b�\�h�k�l�b�� �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�_�� �a�g�Z�q�_�g�b�y��K�m�k�l �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �\��
�d�Z�q�_�k�l�\�_���d�j�b�l�_�j�b�y���k�l�_�i�_�g�b���h�i�Z�k�g�h�k�l�b���j�Z�a�\�b�l�b�y���h�i�h�e�a�g�_�\�u�o���k�f�_�s�_�g�b�c�����B�f�_�g�g�h��
�w�l�h�l���i�h�^�o�h�^���a�Z�d�j�_�i�e�_�g���\���^�_�c�k�l�\�m�x�s�b�o���\���g�Z�r�_�c���k�l�j�Z�g�_���g�h�j�f�Z�l�b�\�g�u�o���l�_�o�g�b�q�_�k�d�b�o��
�^�h�d�m�f�_�g�l�Z�o�����H�q�_�\�b�^�g�h�����q�l�h���h�i�b�k�Z�g�g�u�c���©�l�j�Z�^�b�p�b�h�g�g�u�c�ª���i�h�^�o�h�^���g�_���h�[�_�k�i�_�q�b�\�Z�_�l��
�i�h�e�m�q�_�g�b�_���h�p�_�g�h�d���\�_�j�h�y�l�g�h�k�l�b�����b�e�b���q�Z�k�l�h�l�u�����j�Z�a�\�b�l�b�y���Z�d�l�b�\�b�a�Z�p�b�b���h�i�h�e�a�g�_�\�u�o��
�i�j�h�p�_�k�k�h�\���� �<�� �l�h�� �`�_�� �\�j�_�f�y�����g�Z���j�Z�a�\�b�l�b�_���i�j�h�p�_�k�k�h�\�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c�� �h�d�Z�a�u�\�Z�x�l�� �r�b�j�h�d�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �j�Z�a�e�b�q�g�u�_�� �k�e�m�q�Z�c�g�u�_��
�n�Z�d�l�h�j�u���� �l���d���� �]�_�h�e�h�]�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u�� �g�_�� �y�\�e�y�x�l�k�y�� �i�h�e�g�h�k�l�v�x��
�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�f�b�� 

�P�_�e�v�x�� �\�u�i�h�e�g�_�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�e�h�k�v�� �k�j�Z�\�g�_�g�b�_�� �\�_�j�h�y�l�g�h�k�l�g�u�o��
�q�b�k�e�_�g�g�u�o���f�_�l�h�^�h�\���i�j�b���h�p�_�g�d�_���m�k�l�h�c�q�b�\�h�k�l�b���k�d�e�h�g�Z�� 

�>�e�y���_�_���^�h�k�l�b�`�_�g�b�y���[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���k�e�_�^�m�x�s�b�_���i�h�^�o�h�^�u�� 
�Å �f�_�l�h�^���l�h�q�_�q�g�h�c���h�p�_�g�d�b�����3�(�0���� 
�Å �f�_�l�h�^���F�h�g�l�_-�D�Z�j�e�h�����0�&�0���� 
�Å �k�e�m�q�Z�c�g�u�c���f�_�l�h�^���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\�����5�)�(�0���� 

 
�F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u 

 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���h�[�t�_�d�l�Z���b�k�k�e�_�^�h�\�Z�g�b�c 

�J�Z�k�q�_�l�u���\�u�i�h�e�g�y�e�b�k�v���g�Z���i�j�b�f�_�j�_���i�h�i�_�j�_�q�g�b�d�Z���k�l�j�h�y�s�_�c�k�y���Z�\�l�h�f�h�[�b�e�v�g�h�c��
�^�h�j�h�]�b�� �\�� �D�j�Z�k�g�h�^�Z�j�k�d�h�f�� �d�j�Z�_���� �:�\�l�h�f�h�[�b�e�v�g�Z�y�� �^�h�j�h�]�Z�� �g�Z�� �w�l�h�f�� �m�q�Z�k�l�d�_��
�a�Z�i�j�h�_�d�l�b�j�h�\�Z�g�Z�� �g�Z�� �g�Z�k�u�i�b�� �\�u�k�h�l�h�c�� ������ �f���� �G�Z�k�u�i�v�� �\�h�a�\�h�^�b�l�k�y�� �b�a�� �i�_�k�d�Z�� �k��
�i�h�k�e�h�c�g�u�f���m�i�e�h�l�g�_�g�b�_�f���m�d�Z�l�d�h�c�����<�_�j�h�y�l�g�h�k�l�g�u���h�[�j�Z�a�h�f���f�h�^�_�e�b�j�h�\�Z�e�Z�k�v���e�b�r�v��
�g�_�h�^�g�h�j�h�^�g�h�k�l�v�� �]�j�m�g�l�h�\�� �g�Z�k�u�i�b�� �\�k�e�_�^�k�l�\�b�_�� �\�h�a�f�h�`�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �g�Z��
�h�l�^�_�e�v�g�u�o�� �m�q�Z�k�l�d�Z�o�� �i�_�k�d�h�\���� �h�l�e�b�q�g�u�o�� �h�l�� �i�j�_�^�m�k�f�h�l�j�_�g�g�u�o�� �i�j�h�_�d�l�h�f�� �b�e�b�� �b�o��
�g�_�d�Z�q�_�k�l�\�_�g�g�h�]�h�� �m�i�e�h�l�g�_�g�b�y���� �>�h�i�h�e�g�b�l�_�e�v�g�h�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �^�h�j�h�`�g�h�]�h��
�i�h�d�j�u�l�b�y�� �a�Z�^�Z�\�Z�e�Z�k�v�� �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �j�Z�k�q�_�l�g�Z�y�� �g�Z�]�j�m�a�d�Z�� �h�l�� �l�j�Z�g�k�i�h�j�l�Z���� �j�Z�\�g�Z�y��
20 �d�I�Z�� 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

21 

�F�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�c 
�<�_�j�h�y�l�g�h�k�l�g�u�_���j�Z�k�q�_�l�u���\�u�i�h�e�g�y�e�b�k�v���k���i�h�f�h�s�v�x���l�j�_�o���j�Z�a�e�b�q�g�u�o���f�_�l�h�^�b�d�� 
�Å �f�_�l�h�^�h�f���l�h�q�_�q�g�h�]�h���i�j�b�[�e�b�`�_�g�b�y�� 
�Å �f�_�l�h�^�h�f���F�h�g�l�_-�D�Z�j�e�h���>���������������@�� 
�Å �f�_�l�h�^�h�f���k�e�m�q�Z�c�g�u�o���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\ (RFEM). 
�I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b���f�_�l�h�^�b�d�� �l�h�q�_�q�g�h�]�h�� �i�j�b�[�e�b�`�_�g�b�y�� �b�� �f�_�l�h�^�b�d�b���F�h�g�l�_-

�D�Z�j�e�h���� �j�Z�k�q�_�l�� �m�k�l�h�c�q�b�\�h�k�l�b�� �\�u�i�h�e�g�y�e�k�y�� �\�� �i�j�h�]�j�Z�f�f�g�h�f�� �d�h�f�i�e�_�d�k�_�� �5�6������ �i�j�b��
�j�Z�k�q�_�l�_���5�)�(�0���± �\���i�j�h�]�j�Z�f�f�g�h�f���d�h�f�i�e�_�d�k�_���2�3�7�8�0�����*�� 
 
�F�_�l�h�^���l�h�q�_�q�g�h�c���h�p�_�g�d�b 

�F�_�l�h�^���l�h�q�_�q�g�h�c���h�p�_�g�d�b���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���m�i�j�h�s�_�g�g�u�c���f�_�l�h�^���]�_�g�_�j�Z�p�b�b��
�k�e�m�q�Z�c�g�u�o�� �\�o�h�^�g�u�o�� �\�_�e�b�q�b�g���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �f�_�l�h�^�_�� �l�h�q�_�q�g�h�c�� �h�p�_�g�d�b��
�J�h�a�_�g�[�e�x�l�Z���� �<�� �w�l�h�f�� �f�_�l�h�^�_�� �^�e�y�� �d�Z�`�^�h�c�� �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u�� �^�_�e�Z�x�l�k�y�� �^�\�_��
�©�l�h�q�_�q�g�u�_�� �h�p�_�g�d�b�ª�� �i�j�b�� �n�b�d�k�b�j�h�\�Z�g�g�u�o�� �a�g�Z�q�_�g�b�y�o�� �h�^�g�h�]�h�� �k�l�Z�g�^�Z�j�l�g�h�]�h��
�h�l�d�e�h�g�_�g�b�y�� �i�h�� �h�[�_�� �k�l�h�j�h�g�u�� �h�l�� �k�j�_�^�g�_�]�h�� ���k�j�_�^�g�_�_�� ���� �k�l�Z�g�^�Z�j�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_����
�k�j�_�^�g�_�_���± �k�l�Z�g�^�Z�j�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_������ �:�g�Z�e�b�a�� �f�_�l�h�^�h�f�� �d�h�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\��
�\�u�i�h�e�g�y�_�l�k�y���^�e�y���d�Z�`�^�h�c���\�h�a�f�h�`�g�h�c���d�h�f�[�b�g�Z�p�b�b���l�h�q�_�q�g�u�o���h�p�_�g�h�d�����<���j�_�a�m�e�v�l�Z�l�_��
�i�h�e�m�q�Z�_�l�k�y�� ��m �j�_�r�_�g�b�c���� �]�^�_��m �± �d�h�e�b�q�_�k�l�\�h�� �a�Z�^�_�c�k�l�\�h�\�Z�g�g�u�o�� �k�e�m�q�Z�c�g�u�o��
�\�_�e�b�q�b�g�� 

�J�Z�k�q�_�l���f�_�l�h�^�h�f���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\���\�u�i�h�e�g�y�_�l�k�y���g�_�a�Z�\�b�k�b�f�h���^�e�y���d�Z�`�^�h�c��
�\�h�a�f�h�`�g�h�c���d�h�f�[�b�g�Z�p�b�b���l�h�q�_�q�g�u�o���h�p�_�g�h�d���k�e�m�q�Z�c�g�u�o���\�_�e�b�q�b�g�����D�j�h�f�_���l�h�]�h�����^�e�y��
�d�Z�`�^�h�c�� �d�h�f�[�b�g�Z�p�b�b�� �i�j�h�b�a�\�h�^�b�l�k�y�� �j�Z�k�q�_�l�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�j�_�^�g�b�o�� �a�g�Z�q�_�g�b�c��
�\�k�_�o�� �i�Z�j�Z�f�_�l�j�h�\�� ���l���_���� �Z�g�Z�e�h�]�b�q�g�h�� �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�f�m�� �j�Z�k�q�_�l�m�� �f�_�l�h�^�h�f��
�d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\���� 

�>�Z�g�g�u�_�� �j�Z�k�q�_�l�u�� �\�u�i�h�e�g�y�e�b�k�v�� �\�� �i�j�_�^�i�h�e�h�`�_�g�b�b�� �g�h�j�f�Z�e�v�g�h�]�h�� �a�Z�d�h�g�Z��
�j�Z�k�i�j�_�^�_�e�_�g�b�y���m�^�_�e�v�g�h�]�h���k�p�_�i�e�_�g�b�y���b���m�]�e�Z���\�g�m�l�j�_�g�g�_�]�h���l�j�_�g�b�y�� 
 
�F�_�l�h�^���F�h�g�l�_-�D�Z�j�e�h 

�F�_�l�h�^�� �F�h�g�l�_-�D�Z�j�e�h�� �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v�� �j�_�r�_�g�b�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �b�e�b��
�n�b�a�b�q�_�k�d�b�o���a�Z�^�Z�q���g�Z���h�k�g�h�\�_���f�h�^�_�e�b�j�h�\�Z�g�b�y���b���i�h�e�m�q�_�g�b�y���k�l�Z�l�b�k�l�b�q�_�k�d�b�o���h�p�_�g�h�d��
�F���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���j�Z�a�e�b�q�g�u�o���f�_�l�h�^�h�\���]�_�g�_�j�Z�p�b�b���k�e�m�q�Z�c�g�u�o���q�b�k�_�e�����B�k�o�h�^�g�u�f�b��
�i�Z�j�Z�f�_�l�j�Z�f�b�� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �y�\�e�y�x�l�k�y�� �g�_�� �k�d�Z�e�y�j�g�u�_�� �\�_�e�b�q�b�g�u���� �Z�� �n�m�g�d�p�b�b��
�\�_�j�h�y�l�g�h�k�l�g�h�]�h���j�Z�k�i�j�_�^�_�e�_�g�b�y���k�\�h�c�k�l�\���]�j�m�g�l�h�\�� 

�=�e�Z�\�g�h�c�� �i�j�h�[�e�_�f�h�c�� �i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �\�_�j�h�y�l�g�h�k�l�g�h�c�� �f�h�^�_�e�b�� �y�\�e�y�_�l�k�y��
�h�i�j�_�^�_�e�_�g�b�_�� �a�Z�d�h�g�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�e�m�q�Z�c�g�u�o�� �\�_�e�b�q�b�g���� �<�� �k�e�m�q�Z�_�� �g�h�j�f�Z�e�v�g�h�]�h��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �^�e�y�� �i�h�k�l�j�h�_�g�b�y�� �\�_�j�h�y�l�g�h�k�l�g�h�c�� �n�m�g�d�p�b�b�� �g�_�h�[�o�h�^�b�f�u�� �^�\�Z��
�i�Z�j�Z�f�_�l�j�Z���± �f�Z�l�_�f�Z�l�b�q�_�k�d�h�_���h�`�b�^�Z�g�b�_���b���^�b�k�i�_�j�k�b�y�� 

�J�_�a�m�e�v�l�Z�l�h�f���j�_�r�_�g�b�y���y�\�e�y�_�l�k�y���\�_�j�h�y�l�g�h�k�l�g�Z�y���n�m�g�d�p�b�y���j�Z�k�i�j�_�^�_�e�_�g�b�y��K�m, 
�g�Z�� �h�k�g�h�\�_�� �d�h�l�h�j�h�c�� �f�h�`�g�h�� �h�i�j�_�^�_�e�b�l�v�� �\�_�j�h�y�l�g�h�k�l�v�� �j�Z�a�\�b�l�b�y�� �h�i�h�e�a�g�_�\�h�]�h��
�i�j�h�p�_�k�k�Z���>���@�� 

�>�e�y�� �f�_�l�h�^�Z�� �F�h�g�l�_-�D�Z�j�e�h�� �\�\�h�^�b�l�k�y�� �d�h�e�b�q�_�k�l�\�h�� �a�g�Z�q�_�g�b�c���� �d�h�l�h�j�u�_�� �[�m�^�m�l��
�k�]�_�g�_�j�b�j�h�\�Z�g�u�� �^�e�y�� �d�Z�`�^�h�c�� �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u���� �<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �\��
�k�h�h�l�\�_�l�k�l�\�b�b���k���b�o���k�l�Z�l�b�k�l�b�q�_�k�d�b�f���j�Z�k�i�j�_�^�_�e�_�g�b�_�f���[�u�e�h���k�]�_�g�_�j�b�j�h�\�Z�g�h�����������i�Z�j��



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�a�g�Z�q�_�g�b�c�� �m�^�_�e�v�g�h�]�h�� �k�p�_�i�e�_�g�b�y�� �b�� �m�]�e�Z�� �\�g�m�l�j�_�g�g�_�]�h�� �l�j�_�g�b�y���� �>�Z�e�_�_�� �f�_�l�h�^�h�f��
�d�h�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\�� �\�u�i�h�e�g�_�g�h�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �������� �j�Z�k�q�_�l�h�\�� �b�� �i�h�e�m�q�_�g�h��
500 �g�Z�[�h�j�h�\�� �\�u�o�h�^�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\���� �d�h�l�h�j�u�_�� �i�h�^�\�_�j�]�e�b�k�v�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c��
�h�[�j�Z�[�h�l�d�_�� 
 
�J�Z�g�^�h�f�b�a�b�j�h�\�Z�g�g�u�c���f�_�l�h�^���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\ 

RFEM �± �w�l�h�� �h�l�g�h�k�b�l�_�e�v�g�h�� �g�h�\�u�c�� �f�_�l�h�^�� �\�_�j�h�y�l�g�h�k�l�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�m�k�l�h�c�q�b�\�h�k�l�b�� �k�d�e�h�g�h�\���� �\�� �d�h�l�h�j�h�f�� �b�k�i�h�e�v�a�m�_�l�k�y�� �d�h�f�[�b�g�Z�p�b�y�� �^�\�m�f�_�j�g�h�c�� �l�_�h�j�b�b��
�k�e�m�q�Z�c�g�u�o���i�h�e�_�c���b���f�_�l�h�^�Z���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\�� 

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y�� �b�a�f�_�g�q�b�\�h�k�l�v�� �k�\�h�c�k�l�\�� �]�j�m�g�l�Z�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��
�^�Z�g�g�h�]�h�� �i�h�^�o�h�^�Z�� �f�h�^�_�e�b�j�m�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �l�_�h�j�b�b�� �k�e�m�q�Z�c�g�u�o�� �i�h�e�_�c�� �>�����@����
�k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c�� �\�� �e�x�[�h�c�� �h�[�e�Z�k�l�b�� �B�=�W�� ���J�=�W���� �k�\�h�c�k�l�\�Z�� �]�j�m�g�l�Z�� �y�\�e�y�x�l�k�y��
�k�e�m�q�Z�c�g�h�c���i�_�j�_�f�_�g�g�h�c���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�c�k�y�� �\�_�j�h�y�l�g�h�k�l�g�h�c�� �n�m�g�d�p�b�_�c��
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�� �d�h�j�j�_�e�b�j�m�x�s�_�c�� �k�h�� �a�g�Z�q�_�g�b�y�f�b�� �k�\�h�c�k�l�\�� �]�j�m�g�l�Z�� �\�� �k�f�_�`�g�u�o��
�h�[�e�Z�k�l�y�o�� �>���@���� �H�g�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �n�m�g�d�p�b�b�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�b���� �d�h�l�h�j�Z�y��
�f�h�`�_�l���[�u�l�v���h�p�_�g�_�g�Z���i�h���j�_�a�m�e�v�l�Z�l�Z�f���b�a�f�_�j�_�g�b�c���i�Z�j�Z�f�_�l�j�Z���i�h���b�l�h�]�Z�f���i�j�h�\�_�^�_�g�b�y��
�i�h�e�_�\�u�o���b�e�b���e�Z�[�h�j�Z�l�h�j�g�u�o���b�k�i�u�l�Z�g�b�c���\���j�Z�a�e�b�q�g�u�o���l�h�q�d�Z�o���f�Z�k�k�b�\�Z���b���\�u�q�b�k�e�_�g�Z��
�k���i�h�f�h�s�v�x���n�m�g�d�p�b�b���d�h�w�n�n�b�p�b�_�g�l�Z���d�h�j�j�_�e�y�p�b�b���F�Z�j�d�h�\�Z�� 
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�M,    (1) 

 
�]�^�_��R(�2x, �2y) �± �d�h�w�n�n�b�p�b�_�g�l�� �Z�\�l�h�d�h�j�j�_�e�y�p�b�b; �2x �b���2y �± �Z�[�k�h�e�x�l�g�u�_�� �j�Z�k�k�l�h�y�g�b�y��
�f�_�`�^�m�� �^�\�m�f�y�� �l�h�q�d�Z�f�b�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�f�� �b�� �\�_�j�l�b�d�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�y�o��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h; ���o �b����y �± �d�h�j�j�_�e�y�p�b�h�g�g�u�_�� �j�Z�k�k�l�h�y�g�b�y�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�f�� �b��
�\�_�j�l�b�d�Z�e�v�g�h�f���g�Z�i�j�Z�\�e�_�g�b�y�o���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�<�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���� �^�e�y�� �]�j�m�g�l�h�\�� �g�Z�k�u�i�b���� �g�Z�� �h�k�g�h�\�_�� �b�g�n�h�j�f�Z�p�b�b�� �h��
�l�_�o�g�h�e�h�]�b�b�� �h�l�k�u�i�d�b�� �b�� �m�i�e�h�l�g�_�g�b�y���� �[�u�e�Z�� �a�Z�^�Z�g�Z�� �\�_�e�b�q�b�g�Z�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h��
�j�Z�k�k�l�h�y�g�b�y�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� ���� �f���� �\�� �\�_�j�l�b�d�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b��
1 �f�����D�h�w�n�n�b�p�b�_�g�l���\�Z�j�b�Z�p�b�b���i�j�b�g�b�f�Z�e�k�y���± �i�h���m�]�e�m���\�g�m�l�j�_�g�g�_�]�h���l�j�_�g�b�y���± �����������i�h��
�m�^�_�e�v�g�h�f�m�� �k�p�_�i�e�_�g�b�x���± ���������� �<�� �]�j�m�g�l�Z�o���� �i�h�^�k�l�b�e�Z�x�s�b�o�� �g�Z�k�u�i�v���� �j�Z�k�q�_�l�u��
�\�u�i�h�e�g�y�e�b�k�v���g�Z���h�k�g�h�\�_���^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 
 

�J�_�a�m�e�v�l�Z�l�u���b���h�[�k�m�`�^�_�g�b�_ 
 

�<�� �d�Z�q�_�k�l�\�_�� �i�h�d�Z�a�Z�l�_�e�y�� �g�Z�^�_�`�g�h�k�l�b�� �e�h�]�b�q�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �b�g�^�_�d�k��
�g�Z�^�_�`�g�h�k�l�b�� �5�,���� �d�h�l�h�j�u�c�� �y�\�e�y�_�l�k�y�� �f�_�j�h�c�� �g�h�j�f�Z�e�b�a�Z�p�b�b�� �d�h�w�n�n�b�p�b�_�g�l�Z��
�m�k�l�h�c�q�b�\�h�k�l�b���k�d�e�h�g�Z���g�Z���k�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_��K�m�k�l [10]: 
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�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�]�^�_���1K �± �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_���h�l�d�e�h�g�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l�Z���m�k�l�h�c�q�b�\�h�k�l�b���k�d�e�h�g�Z��
K�m�k�l. 

�>�Z�g�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �i�h�a�\�h�e�y�_�l�� �i�h�^�h�c�l�b�� �d�� �h�p�_�g�d�_�� �m�k�l�h�c�q�b�\�h�k�l�b�� �k�d�e�h�g�h�\�� �k��
�i�h�a�b�p�b�c���l�_�h�j�b�b���g�Z�^�_�`�g�h�k�l�b�� 

�G�h�j�f�b�j�h�\�Z�g�b�_���g�Z�^�_�`�g�h�k�l�b���f�h�`�_�l���[�u�l�v���\�u�i�h�e�g�_�g�h���g�Z���h�k�g�h�\�_���\�_�j�h�y�l�g�h�k�l�b��
�h�[�j�m�r�_�g�b�y���k�d�e�h�g�Z���b���b�g�^�_�d�k�Z���g�Z�^�_�`�g�h�k�l�b���5�,�����j�b�k�� 1). 
 

 
 

�J�b�k�����������M�j�h�\�g�b���g�Z�^�_�`�g�h�k�l�b���>���@ 
 

�B�l�h�]�h�\�Z�y�� �]�_�h�f�_�o�Z�g�b�q�_�k�d�Z�y �k�o�_�f�Z�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �\�_�j�h�y�l�g�h�k�l�g�h�]�h�� �j�Z�k�q�_�l�Z��
�f�_�l�h�^�h�f���l�h�q�_�q�g�h�]�h���i�j�b�[�e�b�`�_�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k�� 2. 
 

 
 

�J�b�k�����������=�_�h�f�_�o�Z�g�b�q�_�k�d�Z�y���k�o�_�f�Z���k���j�_�a�m�e�v�l�Z�l�Z�f�b���\�_�j�h�y�l�g�h�k�l�g�h�]�h���j�Z�k�q�_�l�Z���f�_�l�h�^�h�f���l�h�q�_�q�g�h�]�h��
�i�j�b�[�e�b�`�_�g�b�y�����P�\�_�l�h�f���i�h�d�Z�a�Z�g�u���h�[�s�b�_���i�_�j�_�f�_�s�_�g�b�y 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�I�j�b�� �k�j�_�^�g�_�f��K�m�k�l � �� ������������ �\�_�j�h�y�l�g�h�k�l�v�� �j�Z�a�\�b�l�b�y�� �h�i�h�e�a�g�_�\�h�]�h�� �i�j�h�p�_�k�k�Z��
�J = ���������l���_�����k�d�e�h�g���y�\�e�y�_�l�k�y���m�k�l�h�c�q�b�\�u�f���k���\�u�k�h�d�b�f���m�j�h�\�g�_�f���g�Z�^�_�`�g�h�k�l�b�� 

�K�j�_�^�g�b�c��K�m�k�l = ������������ �Z�� �\�_�j�h�y�l�g�h�k�l�v�� �j�Z�a�\�b�l�b�y�� �h�i�h�e�a�g�_�\�h�]�h�� �i�j�h�p�_�k�k�Z��
�J = ������������ �l���_���� �k�d�e�h�g�� �y�\�e�y�_�l�k�y�� �m�k�l�h�c�q�b�\�u�f�� �k�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�f�� �m�j�h�\�g�_�f��
�g�Z�^�_�`�g�h�k�l�b�����j�b�k�� 3, 4). 

 

 
 

�J�b�k�����������=�_�h�f�_�o�Z�g�b�q�_�k�d�Z�y���k�o�_�f�Z���k���j�_�a�m�e�v�l�Z�l�Z�f�b���\�_�j�h�y�l�g�h�k�l�g�h�]�h���j�Z�k�q�_�l�Z�� 
�f�_�l�h�^�h�f���F�h�g�l�_-�D�Z�j�e�h�����P�\�_�l�h�f���i�h�d�Z�a�Z�g�u���h�[�s�b�_���i�_�j�_�f�_�s�_�g�b�y 

 

 
 

�J�b�k�� �������=�_�h�f�_�o�Z�g�b�q�_�k�d�Z�y �k�o�_�f�Z���k���j�_�a�m�e�v�l�Z�l�Z�f�b���\�_�j�h�y�l�g�h�k�l�g�h�]�h���j�Z�k�q�_�l�Z���f�_�l�h�^�h�f���5�)�(�0 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�<�_�j�h�y�l�g�h�k�l�g�u�_�� �j�Z�k�q�_�l�u�� �m�k�l�h�c�q�b�\�h�k�l�b�� �f�h�^�_�e�v�g�h�]�h�� �k�d�e�h�g�Z�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�j�_�o�� �j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�h�\�� �i�h�d�Z�a�Z�e�b�� �o�h�j�h�r�m�x�� �k�o�h�^�b�f�h�k�l�v��
�d�h�w�n�n�b�p�b�_�g�l�h�\�� �m�k�l�h�c�q�b�\�h�k�l�b���� �g�h�� �j�Z�a�e�b�q�g�u�_�� �j�Z�k�q�_�l�g�u�_�� �m�j�h�\�g�b�� �g�Z�^�_�`�g�h�k�l�b��
���l�Z�[�e������ 
 

�L�Z�[�e�b�p�Z 
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COMPARISON OF PROBABILISTIC CALCULATIONS  

WHEN ANALYZING THE STABILITY OF ROAD EMBARKING SLOPES 
USING THE FINITE ELEMENT METHOD  

 
Abstract. Probabilistic methods are an essential tool in risk assessment and reliability analysis of 
geotechnical systems. Despite the fact that in existing versions they are able to approximately take 
into account only the variability of soils and the uncertainty of their properties, probabilistic methods 
for assessing slope stability are in some cases preferable to deterministic methods for geotechnical 
analysis. Several probabilistic methods, including the point estimation method (PEM), the Monte 
Carlo method (MCM), and the random finite element method (RFEM), can be combined with the 
finite element method. RFEM differs in that it takes into account the effects of spatial variability, 
including correlation distance (length). This is one of the reasons for the differences in collapse 
probability estimates calculated from RFEM compared to more traditional probabilistic methods. 
This study compares the MCM, PEM, and RFEM methods using the example of assessing the stability 
of slopes of a road embankment, which is based on highly variable and partially weak soils. The 
average stability �I�D�F�W�R�U���Z�D�V�����������Å�������������$�W���W�K�H���V�D�P�H���W�L�P�H�����F�D�O�F�X�O�D�W�L�R�Q�V���X�V�L�Q�J���W�K�H���5�)�(�0���U�D�Q�G�R�P���I�L�H�O�G��
method showed the real possibility of embankment collapse �Å the probability of this is about 2%. The 
calculations performed showed the fundamental possibility of quantitatively assessing the reliability 
of the geotechnical system under consideration based on a stochastic approach. 
Key words: uncertainty; finite element method; probability; slope stability; reliability. 
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���������������� �g�_�� �h�[�k�m�`�^�Z�y�� �^�j�m�]�b�_������ �l�h�� �g�m�`�g�Z�� �e�b�� �h�g�Z�� �\�h�h�[�s�_�"�� �I�h�� �w�l�h�f�m�� �\�h�i�j�h�k�m�� �f�u��
�i�j�b�^�_�j�`�b�\�Z�_�f�k�y���f�g�_�g�b�y���>���±���@�����q�l�h���h�^�g�h�\�j�_�f�_�g�g�h�_���k�h�k�m�s�_�k�l�\�h�\�Z�g�b�_���f�g�h�`�_�k�l�\�Z��
�^�Z�`�_�� �©�i�j�Z�\�b�e�v�g�u�o�ª���� �i�h�� �<���<���� �D�x�g�l�p�_�e�x�� �>������ �K�� 102�±�������@���� �d�e�Z�k�k�b�n�b�d�Z�p�b�c��
�j�Z�\�g�h�k�b�e�v�g�h���h�l�k�m�l�k�l�\�b�x���b�o�����I�h���f�g�_�g�b�x���B���H�����L�b�o�\�b�g�k�d�h�]�h���>�������K�� �������@�����g�Z�b�[�h�e�_�_��
�i�h�e�g�u�_�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �h�i�m�[�e�b�d�h�\�Z�g�u�� �F���D���� �J�a�Z�_�\�h�c�� ���������������� �D���:�����=�m�e�Z�d�y�g�h�f�� �b��
�<���<�� �D�x�g�l�p�_�e�_�f�� ���������������� �=���K���� �A�h�e�h�l�Z�j�_�\�u�f�� ���������������� �G���N�� �I�_�l�j�h�\�u�f�� ���������������� �<��
�^�Z�g�g�u�c�� �k�i�b�k�h�d�� �k�e�_�^�m�_�l�� �a�Z�k�e�m�`�_�g�g�h�� �^�h�[�Z�\�b�l�v�� �b�� �k�o�_�f�m�� �l�b�i�b�a�Z�p�b�b�� �h�i�h�e�a�g�_�c��
�B���H�� �L�b�o�\�b�g�k�d�h�]�h���>�������l�Z�[�e�� �������@�����k�o�_�f�m���D�j�m�^�_�g�Z �± �<�Z�j�g�k�Z�����������������b���k�j�_�^�b���w�l�b�o���k�o�_�f��
�k�e�_�^�m�_�l�� �b�k�d�Z�l�v�� �b�e�b�� �b�a���g�b�o�� �k�h�a�^�Z�l�v�� �[�m�^�m�s�b�c�� �d�h�e�e�_�d�l�b�\�g�u�c�� �?�M�D�H���� �<�a�y�l�u�_��
�i�h�j�h�a�g�v���� �h�g�b�� �\�k�_�� �g�_�i�h�e�g�u�_���� �Z�� �\�f�_�k�l�_�� �\�d�e�x�q�Z�x�l�� �\�k�_�� �b�a�\�_�k�l�g�u�_�� �l�b�i�u�� �i�j�h�k�l�u�o��
�h�i�h�e�a�g�_�c���± �d�b�j�i�b�q�b�d�h�\�� �a�^�Z�g�b�y�� �[�m�^�m�s�_�]�h�� �?�M�D�H���� �I�h�w�l�h�f�m�� �?�M�D�H���� �[�_�a�m�k�e�h�\�g�h����
�g�m�`�g�Z���� �g�h���_�_�� �k�h�a�^�Z�g�b�_�� �k�\�y�a�Z�g�h���b�� �k�� �m�l�h�q�g�_�g�b�_�f���h�i�j�_�^�_�e�_�g�b�c�� �j�y�^�Z���i�j�b�\�_�^�_�g�g�u�o��
�g�b�`�_�� �i�h�g�y�l�b�c�� �d�Z�d���h�i�h�e�a�_�g�v�� �h�i�h�e�a�g�_�\�h�c�� �i�j�h�p�_�k�k���� �h�i�h�e�a�g�_�\�h�c�� �f�_�o�Z�g�b�a�f�� 
�h�i�m�[�e�b�d�h�\�Z�g�g�u�o�����\���l���q�����b���Z�\�l�h�j�Z�f�b���\����������-�_���]�]�����\���i�j�h�p�_�k�k�_���j�Z�a�j�Z�[�h�l�d�b���?�M�D�H���b��
�g�_�a�g�Z�q�b�l�_�e�v�g�h�� �h�l�j�_�^�Z�d�l�b�j�h�\�Z�g�g�u�o�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y���� �K�e�_�^�m�_�l�� �a�Z�f�_�l�b�l�v���� �q�l�h��
�i�h�i�m�e�y�j�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �?���I�� �?�f�_�e�v�y�g�h�\�h�c�� ���©�k�f�_�s�_�g�b�_�«�� �[�_�a�� �i�h�l�_�j�b��
�d�h�g�l�Z�d�l�Z�«�ª�����h�l�e�b�q�Z�_�l���h�i�h�e�a�g�b���l�h�e�v�d�h���h�l���h�[�\�Z�e�Z�����h�k�u�i�_�c���b���h�k�h�\�Z�����g�h���g�_���h�l�e�b�q�Z�_�l��
�h�l�� �f�g�h�`�_�k�l�\�Z�� �^�j�m�]�b�o�� �i�j�h�p�_�k�k�h�\�� �b�� �y�\�e�_�g�b�c���� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �b�� �]�e�m�[�b�g�g�h�c��
�i�h�e�a�m�q�_�k�l�b���� �d�j�b�i�Z�� �b�� �^�_�k�_�j�i�p�b�b���� �^�Z�`�_�� �h�l�� �k�h�e�b�n�e�x�d�p�b�b���� �d�m�j�m�f�Z���� �b�a�]�b�[�Z�� �]�h�e�h�\��
�i�e�Z�k�l�h�\���b���h�i�j�h�d�b�^�u�\�Z�g�b�y����topples). 

�H�i�h�e�a�g�_�\�h�c�� �i�j�h�p�_�k�k �± �i�j�h�p�_�k�k�� �h�l�^�_�e�_�g�b�y�����h�l�j�u�\�Z�� �h�l�� �k�d�e�h�g�h�\�h�]�h��
���h�l�d�h�k�g�h�]�h���� �f�Z�k�k�b�\�Z�� �_�]�h�� �q�Z�k�l�b�� �b�e�b�� �q�Z�k�l�_�c���� �b�o�� �k�f�_�s�_�g�b�y�� �\���i�j�_�^�_�e�Z�o�� �e�h�`�Z�� 
�h�[�j�Z�a�m�y���k�l�_�g�d�m�� �k�j�u�\�Z �b���k�h�o�j�Z�g�y�y�� �f�Z�l�_�j�b�Z�e�v�g�m�x�� �k�\�y�a�v �k�h�� �k�j�_�^�h�c�� �k�\�h�_�]�h��
�h�[�j�Z�a�h�\�Z�g�b�y�����A�^�_�k�v���i�j�b�a�g�Z�d���©�k�h�o�j�Z�g�_�g�b�_���f�Z�l�_�j�b�Z�e�v�g�h�c���k�\�y�a�b �k�h���k�j�_�^�h�c���k�\�h�_�]�h��
�h�[�j�Z�a�h�\�Z�g�b�y�ª�� ���\�f�_�k�l�h�� �©�[�_�a�� �i�h�l�_�j�b�� �d�h�g�l�Z�d�l�Z�ª���� �h�l�e�b�q�Z�_�l�� �h�i�h�e�a�g�b�� �h�l�� �h�[�\�Z�e�h�\�� �b��
�h�k�u�i�_�c���� �i�j�b�a�g�Z�d�� �©�g�Z�e�b�q�b�_���k�l�_�g�d�b�� �k�j�u�\�Z�ª �h�l�e�b�q�Z�_�l�� �h�i�h�e�a�g�b�� �h�l�� �d�j�b�i�Z����
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�H�i�h�e�a�_�g�v�� ���h�[�t�_�d�l�� �h�i�h�e�a�g�_�\�_�^�_�g�b�y�����± �k�i�_�p�b�n�b�q�_�k�d�h�_�� �]�_�h�e�h�]�b�q�_�k�d�h�_��
�]�h�j�g�h�i�h�j�h�^�g�h�_�����]�j�m�g�l�h�\�h�_�����l�_�e�h���b�e�b���k�b�k�l�_�f�Z���l�_�e���h�i�h�e�a�g�_�\�h�]�h���i�j�h�b�k�o�h�`�^�_�g�b�y �k��
�h�i�j�_�^�_�e�_�g�g�u�f�b�� �k�l�j�m�d�l�m�j�g�u�f�b���� �n�m�g�d�p�b�h�g�Z�e�v�g�h-�^�b�g�Z�f�b�q�_�k�d�b�f�b�� �b�� �^�j�m�]�b�f�b��
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�i�j�h�p�_�k�k�Z�ª�� �^�h�� �k�b�o�� �i�h�j�� �]�h�k�i�h�^�k�l�\�m�_�l�� �i�h�g�y�l�b�_�� �©�^�\�b�`�_�g�b�_�� �i�h�� �i�h�\�_�j�o�g�h�k�l�b��
�k�f�_�s�_�g�b�y�� �[�_�a�� �i�h�l�_�j�b�� �d�h�g�l�Z�d�l�Z�ª�� �k�� �e�h�`�_�f���� �o�h�l�y�� �^�Z�\�g�h�� �^�h�d�Z�a�Z�g�h���� �q�l�h�� �w�l�h�]�h��
�i�j�b�a�g�Z�d�Z�� �^�e�y�� �h�i�h�e�a�g�_�c�� �y�\�g�h�� �g�_�^�h�k�l�Z�l�h�q�g�h���� �l���d���� �Z�g�Z�e�h�]�b�q�g�h�� �^�\�b�`�m�l�k�y�� �b��
�^�_�k�_�j�i�p�b�y���� �b�� �d�j�b�i���� �b�� �^�Z�`�_�� �d�m�j�m�f���� �_�k�e�b�� �h�l�\�e�_�q�v�k�y�� �h�l�� �b�o�� �k�d�h�j�h�k�l�_�c���� �I�h�w�l�h�f�m�� �d��
�h�i�j�_�^�_�e�_�g�b�x���h�i�h�e�a�g�y���Z�Z�l�h�j�Z�f�b���^�h�[�Z�\�e�_�g�u���l�Z�d�b�_���^�h�i�h�e�g�b�l�_�e�v�g�u�_���i�j�b�a�g�Z�d�b���d�Z�d��
�©�h�l�j�u�\�ª�����©�h�[�j�Z�a�h�\�Z�g�b�_���k�l�_�g�d�b���k�j�u�\�Z�ª�����©�k�f�_�s�_�g�b�_���\���i�j�_�^�_�e�Z�o���e�h�`�Z�ª�����Z���\�f�_�k�l�h��
�n�j�Z�a�u�� �©�^�\�b�`�_�g�b�_�� �[�_�a�� �i�h�l�_�j�b�� �d�h�g�l�Z�d�l�Z�� �k�� �e�h�`�_�f���� �k�� �h�k�g�h�\�Z�g�b�_�f�ª�� �i�j�_�^�e�h�`�_�g�h��
�k�e�h�\�h�k�h�q�_�l�Z�g�b�_�� �©�k�h�o�j�Z�g�_�g�b�_�� �f�Z�l�_�j�b�Z�e�v�g�h�c�� �k�\�y�a�b�� �k�h�� �k�j�_�^�h�c�� �k�\�h�_�]�h��
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�h�i�h�e�a�g�_�\�h�]�h�� �l�_�e�Z�� �k�h�o�j�Z�g�y�x�l�k�y�� �k�\�y�a�b�� �g�_�� �l�h�e�v�d�h�� �k�� �e�h�`�_�f���� �g�h�� �b�� �k�� �l�Z�d�b�f�b��
�d�h�f�i�h�g�_�g�l�Z�f�b�� �k�j�_�^�u���� �d�Z�d�� �]�b�^�j�h�]�_�h�e�h�]�b�q�_�k�d�b�_�����l�_�d�l�h�g�b�q�_�k�d�b�_����
�]�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�_�� �b�� �^�j���� �G�h�� �\�� �K�I ���������������������������������� �>�����@�� �k�h�o�j�Z�g�_�g�Z�� �k�l�Z�j�Z�y��
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�H�i�h�e�a�g�_�\�h�c�� �f�_�o�Z�g�b�a�f�� ���i�j�_�^�f�_�l�� �h�i�h�e�a�g�_�\�_�^�_�g�b�y�� �± �i�j�_�^�k�l�Z�\�e�_�g��
�h�i�h�e�a�g�_�\�u�f�� �l�_�e�h�f�� �b�e�b�� �k�b�k�l�_�f�h�c�� �h�i�h�e�a�g�_�\�u�o�� �l�_�e���� �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o�� �f�_�`�^�m��
�k�h�[�h�c�� �i�m�l�_�f�� �k�h�i�j�b�d�h�k�g�h�\�_�g�b�y�� �b�� �k�h�\�_�j�r�Z�x�s�b�o�� �h�i�j�_�^�_�e�_�g�g�u�_�� �^�\�b�`�_�g�b�y�� �^�j�m�]��
�h�l�g�h�k�b�l�_�e�v�g�h���^�j�m�]�Z���b���g�_�i�h�^�\�b�`�g�h�]�h���e�h�`�Z�����H�i�h�e�a�g�_�\�h�c���f�_�o�Z�g�b�a�f���± �k�l�j�m�d�l�m�j�g�h-
�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y�� �f�h�^�_�e�v���� �d�h�g�k�l�j�m�d�p�b�y�� �n�Z�d�l�b�q�_�k�d�h�]�h�� �h�i�h�e�a�g�y�� �k�� �i�h�a�g�Z�g�g�h�c��
�k�l�j�m�d�l�m�j�h�c���� �_�]�h�� �k�m�s�g�h�k�l�v���� �I�j�_�`�^�_�� �i�h�g�y�l�b�_�� �©�h�i�h�e�a�g�_�\�h�c�� �f�_�o�Z�g�b�a�f�ª��
�h�i�j�_�^�_�e�y�e�k�y���Z�[�k�l�j�Z�d�l�g�h���± �d�Z�d���^�\�b�`�_�g�b�_���]�_�h�k�b�k�l�_�f�u�����j�Z�a�m�f�_�_�l�k�y�����b���h�i�h�e�a�g�y�������d�Z�d��
�©�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�Z�y���k�f�_�g�Z���_�_�����_�]�h�� �k�h�k�l�h�y�g�b�c�ª�����?���I�� �?�f�_�e�v�y�g�h�\�Z�����=���D�� �;�h�g�^�Z�j�b�d������
�L�Z�d�b�_���h�[�s�b�_���h�i�j�_�^�_�e�_�g�b�y���g�_���g�Z�p�_�e�b�\�Z�x�l���b�k�k�e�_�^�h�\�Z�l�_�e�y���g�Z���i�h�a�g�Z�g�b�_���k�l�j�h�_�g�b�y��
�f�_�o�Z�g�b�a�f�Z���h�i�h�e�a�g�_�\�h�c���k�b�k�l�_�f�u�����_�_���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�����:���g�Z�m�q�g�h���h�[�h�k�g�h�\�Z�g�g�h�_��
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ON THE ROLE OF A SINGLE UNIFIED CLASSIFICATION  

OF LANDSLADES IN LANDS LIDE SCIENCE  
 

Abstract. Attention is drawn to the relevance of Unified Classification of Landslides (EUKO) 
developments in landslide science and to the decreasing interest in this problem. An option is 
proposed for creating EUCO by synthesizing 4�±5 classifications by mechanism, assigned by 
I.O. �7�L�N�K�Y�L�Q�V�N�\���W�R���W�K�H���³�P�R�V�W���F�R�P�S�O�H�W�H�´�����D�G�G�L�Q�J���W�R���W�K�H�P���W�K�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�V���R�I���,���2�����7�L�N�K�Y�L�Q�V�N�\����������������
and Cruden �Å��Varnes (1996). New definitions of the basic concepts of landslide science are proposed: 
landslide, landslide process, landslide mechanism. The new definition of a landslide includes the 
following features: separation, failure wall, material connection with the environment, within the bed. 
Key words: Unified Classification of Landslides (EUKO); nomenclatural taxa; levels of organization 
of landslide bodies; natural taxa of landslides; object and subject of landslides systems; essential 
features; calculation models. 
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�:�g�g�h�l�Z�p�b�y�����I�j�_�^�k�l�Z�\�e�_�g�u�� �g�h�\�u�_�� �^�_�l�Z�e�v�g�u�_�� �k�\�_�^�_�g�b�y�� �h�� �d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�o�� �\�h�j�h�g�d�Z�o��
���D�K�<�������h�[�j�Z�a�h�\�Z�\�r�b�o�k�y���\���]�� �F�h�k�d�\�_�����:�g�Z�e�b�a���^�Z�g�g�u�o���h���D�K�<�����Z���l�Z�d�`�_���b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�o��
�m�k�e�h�\�b�c�� �b�� �i�j�b�j�h�^�u�� �b�o�� �h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�� �k�e�_�^�m�x�s�_�_���� ������ �Z�d�l�b�\�b�a�Z�p�b�y�� �d�Z�j�k�l�h�\�h-
�k�m�n�n�h�a�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\�� �]�� �F�h�k�d�\�_�� �[�u�e�Z�� �\�u�a�\�Z�g�Z�� �f�h�s�g�u�f�b�� �h�l�d�Z�q�d�Z�f�b�� �b�a�� �l�j�_�s�b�g�g�h-
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3) �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\�� �\�h�j�h�g�h�d�� �g�_�� �h�l�\�_�q�Z�_�l�� �g�h�j�f�Z�e�v�g�h�f�m�� �b�e�b��
�e�h�]�g�h�j�f�Z�e�v�g�h�f�m���a�Z�d�h�g�m�����a�g�Z�q�_�g�b�y���^�b�Z�f�_�l�j�h�\���\�Z�j�v�b�j�m�x�l���h�l�����������^�h�������������f�����������D�K�<���j�Z�a�\�b�\�Z�e�b�k�v��
�\�� �j�Z�a�g�u�o�� �b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o���� �h�i�j�_�^�_�e�y�x�s�b�o�� �\�h�� �f�g�h�]�h�f�� �b�o�� �j�Z�a�f�_�j�u���� ������ �^�e�y��
�i�h�e�h�\�b�g�u�� �D�K�<�� �g�_�� �h�i�j�_�^�_�e�_�g�u�� �^�Z�l�u�� �b�o�� �h�[�j�Z�a�h�\�Z�g�b�y���� �h�l�k�m�l�k�l�\�h�\�Z�e�Z�� �f�g�h�]�h�e�_�l�g�y�y��
�g�Z�[�e�x�^�Z�l�_�e�v�g�Z�y���k�_�l�v���a�Z���j�Z�a�\�b�l�b�_�f���\�h�j�h�g�h�d�����<�u�y�\�e�_�g�g�u�_���a�Z�d�h�g�h�f�_�j�g�h�k�l�b���i�h�a�\�h�e�y�x�l���k�^�_�e�Z�l�v��
�\�u�\�h�^�� �h�� �l�h�f���� �q�l�h�� �i�j�b�f�_�g�_�g�b�_�� �g�_�d�h�l�h�j�u�o�� �\�_�j�h�y�l�g�h�k�l�g�u�o�� �f�_�l�h�^�h�\�� ���\�u�q�b�k�e�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�y��
�b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�j�h�\�Z�e�h�h�[�j�Z�a�h�\�Z�g�b�y���� �h�i�j�_�^�_�e�_�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �j�Z�k�q�_�l�g�h�]�h�� �i�j�h�e�_�l�Z���� �g�_��
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�b�a�� �g�b�o�� �g�_�� �i�h�k�l�j�Z�^�Z�e���� �>�_�n�h�j�f�Z�p�b�y�� �a�^�Z�g�b�c�� �i�j�h�l�_�d�Z�e�Z�� �g�_�� �d�Z�l�Z�k�l�j�h�n�b�q�g�h����
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�i�e�h�s�Z�^�b�� �i�h�j�y�^�d�Z�� ���� �d�f2���� �<�k�_�� �h�g�b�� �i�j�b�m�j�h�q�_�g�u�� �d�� �l�j�_�l�v�_�c�� ���o�h�^�u�g�k�d�h�c����
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�h�l�\�_�q�Z�_�l�� �g�h�j�f�Z�e�v�g�h�f�m�� �b�e�b�� �e�h�]�g�h�j�f�Z�e�v�g�h�f�m�� �a�Z�d�h�g�m�� �>�������� �����@���� �H�^�g�Z�d�h�� �b�g�h�]�^�Z��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�f�_�_�l�� �i�h�e�b�f�h�^�Z�e�v�g�u�c�� �o�Z�j�Z�d�l�_�j���� �<�� �l�Z�d�b�o�� �k�e�m�q�Z�y�o�� �©�\�u�y�k�g�y�x�l�k�y��
�i�j�b�q�b�g�u �b�o���i�h�y�\�e�_�g�b�y�����d�h�l�h�j�u�_���f�h�]�m�l���[�u�l�v���k�\�y�a�Z�g�u���k���j�Z�a�e�b�q�b�y�f�b���\���m�k�e�h�\�b�y�o��
�b�� �f�_�o�Z�g�b�a�f�_�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�j�h�\�Z�e�h�\�� �b�� �\�h�j�h�g�h�d���� �b���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �k��
�g�Z�e�b�q�b�_�f���g�_�k�d�h�e�v�d�b�o���f�h�j�n�h�]�_�g�_�l�b�q�_�k�d�b�o���l�b�i�h�\�«�ª���>���������i�������������@�� 
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�=�e�m�[�b�g�Z�� �a�Z�e�_�]�Z�g�b�y�� �i�_�j�\�h�c�� �d�Z�j�k�l�m�x�s�_�c�k�y�� �l�h�e�s�b�� �d�Z�j�[�h�g�Z�l�g�u�o�� �i�h�j�h�^��
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�^�b�Z�f�_�l�j�Z�� �D�K�<�� �h�l�� �f�h�s�g�h�k�l�b�� �i�h�d�j�h�\�g�h�c�� �l�h�e�s�b���� �\�d�e�x�q�Z�x�s�_�c�� �j�Z�a�^�_�e�y�x�s�b�_��
�h�l�g�h�k�b�l�_�e�v�g�h���\�h�^�h�m�i�h�j�g�u�_���]�e�b�g�u�����i�h�d�Z�a�Z�g�Z���g�Z���j�b�k�� 3. 
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�B�a�� �j�b�k�� ���� �\�b�^�g�h���� �q�l�h�� �l�Z�d�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �h�l�k�m�l�k�l�\�m�_�l���� �d�h�w�n�n�b�p�b�_�g�l��
�d�h�j�j�_�e�y�p�b�b�� �a�Z�f�_�l�g�h�� �f�_�g�_�_�� ���������� �;�h�e�_�_�� �l�h�]�h���� �\�k�_�� �a�g�Z�q�_�g�b�y�� �[�u�e�b�� �j�Z�a�[�b�l�u�� �g�Z�� �^�\�_��
�\�u�[�h�j�d�b�� 

������ �i�h�d�j�h�\�g�Z�y�� �l�h�e�s�Z�� �i�h�d�h�b�l�k�y�� �g�Z�� �i�h�j�h�^�Z�o�� �k�j�_�^�g�_�d�Z�f�_�g�g�h�m�]�h�e�v�g�h�]�h��
�\�h�a�j�Z�k�l�Z�����i�h�^�h�e�v�k�d�h-�f�y�q�d�h�\�k�d�b�_���b�a�\�_�k�l�g�y�d�b�������k�b�g�b�_���l�h�q�d�b���g�Z���]�j�Z�n�b�d�_���� 

������ �i�h�d�j�h�\�g�Z�y�� �l�h�e�s�Z�� �i�h�d�h�b�l�k�y�� �g�Z�� �i�h�j�h�^�Z�o�� �\�_�j�o�g�_�d�Z�f�_�g�g�h�m�]�h�e�v�g�h�]�h��
�\�h�a�j�Z�k�l�Z���� �g�Z�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�f�� �©�k�e�h�_�g�h�f�� �i�b�j�h�]�_�ª���� �l���_���� �g�Z�� �i�_�j�_�k�e�Z�b�\�Z�x�s�b�o�k�y��
�]�e�b�g�b�k�l�u�o�� �b�� �a�Z�d�Z�j�k�l�h�\�Z�g�g�u�o�� �d�Z�j�[�h�g�Z�l�g�u�o�� �i�h�j�h�^�Z�o�� ���h�j�Z�g�`�_�\�u�_�� �l�h�q�d�b�� �g�Z��
�]�j�Z�n�b�d�_���� 

�?�k�e�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �h�l�^�_�e�v�g�h�� �w�l�b�� �^�\�_�� �\�u�[�h�j�d�b���� �l�Z�d�`�_�� �g�_�� �h�[�g�Z�j�m�`�_�g�h��
�k�d�h�e�v�d�h-�g�b�[�m�^�v�� �a�g�Z�q�b�f�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �a�g�Z�q�_�g�b�c�� �^�b�Z�f�_�l�j�h�\�� �h�l�� �f�h�s�g�h�k�l�b��
�a�Z�e�_�]�Z�x�s�_�c�� �g�Z�� �d�Z�j�[�h�g�Z�l�g�h�f�� �f�Z�k�k�b�\�_�� �f�_�a�h-�d�Z�c�g�h�a�h�c�k�d�h�c�� �l�h�e�s�b���� �K�e�_�^�m�_�l��
�h�l�f�_�l�b�l�v���� �q�l�h�� �g�Z�� �j�b�k�� ���� �e�_�]�d�h�� �h�[�g�Z�j�m�`�b�\�Z�_�l�k�y�� �q�_�l�d�Z�y�� �]�j�Z�g�b�p�Z�� �f�_�`�^�m�� �w�l�b�f�b��
�f�Z�k�k�b�\�Z�f�b�� �a�g�Z�q�_�g�b�c���� �B�o�� �j�Z�a�^�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �i�h�a�\�h�e�y�_�l�� �m�k�l�Z�g�h�\�b�l�v���� �q�l�h��
�k�j�_�^�g�_�Z�j�b�n�f�_�l�b�q�_�k�d�h�_�� �a�g�Z�q�_�g�b�_�� �^�b�Z�f�_�l�j�Z�� �i�_�j�\�h�c�� �\�u�[�h�j�d�b�� �k�h�k�l�Z�\�e�y�_�l�� �������� �f����
�\�l�h�j�h�c���± 8,2 �f�����Z���k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_���\�k�_�o���^�b�Z�f�_�l�j�h�\���\�h�j�h�g�h�d���\���]�����F�h�k�d�\�_���± 13,8 �f����
�G�_�h�[�o�h�^�b�f�h�� �^�h�[�Z�\�b�l�v�����q�l�h�� �h�l�f�_�q�_�g�g�Z�y�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�v�� �i�j�h�y�\�b�e�Z�� �k�_�[�y�� �b�� �g�Z��
�]�b�k�l�h�]�j�Z�f�f�_���j�Z�k�i�j�_�^�_�e�_�g�b�y���^�b�Z�f�_�l�j�h�\���\�h�j�h�g�h�d�����k�f�����j�b�k�� ���������]�^�_���g�Z�[�e�x�^�Z�_�l�k�y���^�\�Z��
�f�Z�d�k�b�f�m�f�Z�� �k�h�� �a�g�Z�q�_�g�b�y�f�b�� �^�b�Z�f�_�l�j�h�\�� �i�_�j�\�h�]�h�� �\�� �b�g�l�_�j�\�Z�e�_�� �������Å�������� �f�� �b����
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �\�l�h�j�h�]�h �Å�� ���������Å�������� �f���� �q�l�h�� �\�� �p�_�e�h�f�� �h�l�\�_�q�Z�_�l�� �\�u�q�b�k�e�_�g�g�u�f��
�k�j�_�^�g�b�f�� �a�g�Z�q�_�g�b�y�f�� �^�e�y�� �j�Z�a�g�u�o�� �m�k�e�h�\�b�c�� �h�[�j�Z�a�h�\�Z�g�b�y�� �D�K�<�� �h�l�g�h�k�b�l�_�e�v�g�h��
�a�Z�e�_�]�Z�g�b�y�� �d�Z�f�_�g�g�h�m�]�h�e�v�g�u�o�� �h�l�e�h�`�_�g�b�c�� ���������� �b�� ���������� �f������ �H�[�t�y�k�g�b�l�v�� �l�Z�d�m�x��
�a�Z�d�h�g�h�f�_�j�g�h�k�l�v���g�_�k�e�h�`�g�h�����<���k�e�m�q�Z�_���h�[�j�Z�a�h�\�Z�g�b�y���D�K�<���\���m�k�e�h�\�b�y�o���i�j�b�k�m�l�k�l�\�b�y���\��
�j�Z�a�j�_�a�_���i�_�j�_�k�e�Z�b�\�Z�g�b�y���\�_�j�o�g�_�d�Z�f�_�g�g�h�m�]�h�e�v�g�u�o���]�e�b�g�b�k�l�u�o���b���d�Z�j�[�h�g�Z�l�g�u�o���i�h�j�h�^��
�a�g�Z�q�b�l�_�e�v�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �^�e�y�� �\�u�g�h�k�Z�� �i�_�k�q�Z�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �k�h�a�^�Z�x�l��
�]�e�b�g�b�k�l�u�_���k�e�h�b�����d�j�h�f�_���l�h�]�h�����k�l�_�i�_�g�v���a�Z�d�Z�j�k�l�h�\�Z�g�g�h�k�l�b���d�Z�j�[�h�g�Z�l�g�u�o���i�h�j�h�^���^�e�y��
�l�Z�d�b�o���m�k�e�h�\�b�c���a�Z�f�_�l�g�h���g�b�`�_�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����g�b�`�_���b���w�n�n�_�d�l�b�\�g�Z�y���i�m�k�l�h�l�g�h�k�l�v����
�D�Z�d�� �k�e�_�^�k�l�\�b�_���� �k�j�_�^�g�b�_�� �^�b�Z�f�_�l�j�u�� �\�h�j�h�g�h�d�� �i�h�q�l�b�� �\�� �l�j�b�� �j�Z�a�Z�� �f�_�g�v�r�_���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �i�h�e�b�f�h�^�Z�e�v�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �a�g�Z�q�_�g�b�c�� �^�b�Z�f�_�l�j�h�\�� �D�K�<�� �h�[�t�y�k�g�y�_�l�k�y��
�j�Z�a�e�b�q�g�u�f�b���b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�f�b�����]�_�h�e�h�]�h-�e�b�l�h�e�h�]�b�q�_�k�d�b�f�b�����m�k�e�h�\�b�y�f�b��
�h�[�j�Z�a�h�\�Z�g�b�y���D�K�<�� 

�<�� �k�\�y�a�b�� �k�� �w�l�b�f���h�[�t�_�^�b�g�y�l�v�� �\�k�_���a�g�Z�q�_�g�b�y�� �^�b�Z�f�_�l�j�h�\�� �D�K�<���\���h�^�g�m���\�u�[�h�j�d�m��
�^�e�y�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �i�j�h�]�g�h�a�g�u�o�� �j�Z�k�q�_�l�h�\�� �g�_�d�h�j�j�_�d�l�g�h���� �:�g�Z�e�h�]�b�q�g�h�_�� �f�g�_�g�b�_��
�k�n�h�j�f�m�e�b�j�h�\�Z�g�h�� �\�� �j�Z�[�h�l�Z�o�� �>�������� �������� �������� �����@���� �B�a�� �k�d�Z�a�Z�g�g�h�]�h�� �k�e�_�^�m�_�l�� �b�� �l�h���� �q�l�h��
�\�h�a�f�h�`�g�h�k�l�v�� �h�[�j�Z�a�h�\�Z�g�b�y�� �D�K�<�� �\�� �]���� �F�h�k�d�\�_�� �b���k�l�_�i�_�g�v�� �b�o�� �h�i�Z�k�g�h�k�l�b�� ���\�d�e�x�q�Z�y��
�^�b�Z�f�_�l�j�u�� �D�K�<���� �g�_�� �a�Z�\�b�k�y�l�� �h�l�� �f�h�s�g�h�k�l�b�� �i�h�d�j�h�\�g�h�c�� �l�h�e�s�b���� �d�Z�d���� �g�Z�i�j�b�f�_�j���� �\��
�J�_�k�i�m�[�e�b�d�_�� �;�Z�r�d�h�j�l�h�k�l�Z�g�� ���L�&�+�� ������-50-������ �J�;�� �©�B�g�k�l�j�m�d�p�b�y�� �i�h�� �b�a�u�k�d�Z�g�b�y�f����
�i�j�h�_�d�l�b�j�h�\�Z�g�b�x���� �k�l�j�h�b�l�_�e�v�k�l�\�m�� �b�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �a�^�Z�g�b�c�� �b�� �k�h�h�j�m�`�_�g�b�c�� �g�Z��
�a�Z�d�Z�j�k�l�h�\�Z�g�g�u�o���l�_�j�j�b�l�h�j�b�y�o�ª���>�����@���� 

�W�l�h�� �e�_�]�d�h�� �h�[�t�y�k�g�y�_�l�k�y�� �l�_�f���� �q�l�h�� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �\�h�a�f�h�`�g�h�k�l�v�� �j�Z�a�\�b�l�b�y��
�D�K�I�� �a�Z�\�b�k�b�l�� �h�l�� �q�Z�k�l�h�l�u�� �b�� �k�b�e�u�� �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h�� �b�� �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h��
�^�Z�\�e�_�g�b�y���� �k�\�y�a�Z�g�g�h�]�h�� �k�� �i�j�h�\�_�^�_�g�b�_�f�� �f�h�s�g�u�o�� �h�l�d�Z�q�_�d�� �b�a�� �l�j�_�s�b�g�g�h-�d�Z�j�k�l�h�\�u�o��
�\�h�^�� �b�� �k�i�h�k�h�[�k�l�\�m�x�s�_�]�h�� �i�h�k�l�_�i�_�g�g�h�f�m�� �j�Z�a�j�m�r�_�g�b�x�� �a�Z�s�b�l�g�u�o�� �]�e�b�g�b�k�l�u�o��



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

52 

�h�l�e�h�`�_�g�b�c�����Z���j�Z�a�f�_�j�u���\�h�j�h�g�h�d�����i�h�f�b�f�h���i�j�h�q�b�o���m�k�e�h�\�b�c�����± �h�l���h�[�t�_�f�Z���i�_�k�q�Z�g�h�]�h��
�f�Z�l�_�j�b�Z�e�Z���� �d�h�l�h�j�u�c�� �k�i�h�k�h�[�_�g�� �i�j�b�g�y�l�v�� �a�Z�d�Z�j�k�l�h�\�Z�g�g�u�c�� �f�Z�k�k�b�\���� �l�h�q�g�_�_�� �h�l��
�w�n�n�_�d�l�b�\�g�h�c���i�m�k�l�h�l�g�h�k�l�b���d�Z�j�[�h�g�Z�l�g�h�c���l�h�e�s�b���>���@�� 
 
�F�h�s�g�h�k�l�v���j�Z�a�^�_�e�y�x�s�b�o���]�e�b�g�b�k�l�u�o���h�l�e�h�`�_�g�b�c 

�G�Z�� �j�b�k�� ���� �i�h�d�Z�a�Z�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �f�h�s�g�h�k�l�b�� �i�_�j�_�d�j�u�\�Z�x�s�b�o��
�a�Z�d�Z�j�k�l�h�\�Z�g�g�u�c�� �f�Z�k�k�b�\�� �]�e�b�g�b�k�l�u�o�� �h�l�e�h�`�_�g�b�c���� �i�j�b�q�_�f�� �j�Z�k�k�f�h�l�j�_�g�h�� �^�\�Z��
�\�Z�j�b�Z�g�l�Z���� �f�h�s�g�h�k�l�v�� �x�j�k�d�b�o�� �]�e�b�g�� �b�� �k�m�f�f�Z�j�g�Z�y�� �f�h�s�g�h�k�l�v�� �x�j�k�d�b�o�� �b��
�d�Z�f�_�g�g�h�m�]�h�e�v�g�u�o���]�e�b�g�����<���p�_�e�h�f���f�h�s�g�h�k�l�v���]�e�b�g�b�k�l�u�o���h�l�e�h�`�_�g�b�c���\�Z�j�v�b�j�m�_�l���h�l��
�������� �^�h�� ����0 �f���� �l���_���� �^�e�y�� �h�[�j�Z�a�h�\�Z�g�b�y�� �D�K�<�� �g�_�h�[�o�h�^�b�f�h�� �g�Z�e�b�q�b�_�� �i�_�j�_�d�j�u�\�Z�x�s�b�o��
�]�e�b�g�b�k�l�u�o�� �h�l�e�h�`�_�g�b�c���� �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �g�Z�� �m�q�Z�k�l�d�Z�o�� �b�o�� �h�l�k�m�l�k�l�\�b�y���� �]�^�_��
�i�_�k�q�Z�g�u�_�� �h�l�e�h�`�_�g�b�y�� �a�Z�e�_�]�Z�x�l�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �g�Z�� �d�Z�j�[�h�g�Z�l�g�h�f�� �f�Z�k�k�b�\�_����
�i�_�k�q�Z�g�u�c�� �f�Z�l�_�j�b�Z�e�� �a�Z�� �i�j�h�r�_�^�r�b�c�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �i�_�j�b�h�^�� �\�j�_�f�_�g�b�� �\��
�]�_�h�e�h�]�b�q�_�k�d�h�f�� �h�l�g�h�r�_�g�b�b�� �a�Z�d�h�e�v�f�Z�l�b�j�h�\�Z�e�� �i�j�Z�d�l�b�q�_�k�d�b�� �\�k�_�� �h�l�d�j�u�l�u�_��
�d�Z�j�k�l�h�\�u�_���i�h�e�h�k�l�b�����L�Z�d�h�_���f�g�_�g�b�_���h�k�g�h�\�Z�g�h���g�Z���l�h�f�����q�l�h���g�Z���m�q�Z�k�l�d�Z�o���h�l�k�m�l�k�l�\�b�y��
�i�_�j�_�d�j�u�\�Z�x�s�b�o���]�e�b�g�b�k�l�u�o���h�l�e�h�`�_�g�b�c���^�h���g�Z�k�l�h�y�s�_�]�h���\�j�_�f�_�g�b���g�_���h�[�g�Z�j�m�`�_�g�u��
�D�K�<���>�������������������@�� 

 

 
 

�J�b�k�����������=�b�k�l�h�]�j�Z�f�f�Z���j�Z�k�i�j�_�^�_�e�_�g�b�y���a�g�Z�q�_�g�b�c���f�h�s�g�h�k�l�b���]�e�b�g�b�k�l�u�o���h�l�e�h�`�_�g�b�c�����H�[�h�a�g�Z�q�_�g�b�y: 
�k�_�j�u�c���p�\�_�l���Å���k�m�f�f�Z�j�g�Z�y���f�h�s�g�h�k�l�v���x�j�k�d�b�o���b���d�Z�f�_�g�g�h�m�]�h�e�v�g�u�o���]�e�b�g�����]�h�e�m�[�h�c���Å���f�h�s�g�h�k�l�v��

�x�j�k�d�b�o���]�e�b�g 
 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �h�d�h�e�h�� �q�_�l�\�_�j�l�b�� �h�l�� �\�k�_�o�� �k�h�\�j�_�f�_�g�g�u�o�� �D�K�<��
�j�Z�k�i�h�e�h�`�_�g�u�� �\�[�e�b�a�b�� �^�j�_�\�g�b�o�� �d�Z�j�k�l�h�\�u�o�� �i�j�h�\�Z�e�h�\���� �G�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �g�Z�^��
�d�Z�j�k�l�h�\�u�f�b���i�j�h�\�Z�e�Z�f�b���f�h�s�g�h�k�l�v���]�e�b�g�b�k�l�u�o���i�h�j�h�^���j�_�a�d�h���m�\�_�e�b�q�_�g�Z�����q�l�h���f�h�`�g�h��
�h�[�t�y�k�g�b�l�v�� �a�Z�i�h�e�g�_�g�b�_�f�� �^�j�_�\�g�b�o�� �i�j�h�\�Z�e�h�\�� �]�e�b�g�b�k�l�u�f�� �f�Z�l�_�j�b�Z�e�h�f�� �\�� �m�k�e�h�\�b�y�o��
�k�j�_�^�g�_-�\�_�j�o�g�_�x�j�k�d�h�]�h�� �b�� �\�_�j�o�g�_�d�Z�f�_�g�g�h�m�]�h�e�v�g�h�]�h�� �f�h�j�y���� �?�s�_�� �E���=�� �Q�_�j�l�d�h�\�u�f��
�h�l�f�_�q�Z�e�h�k�v���� �q�l�h�� �g�Z�� �j�y�^�_�� �m�q�Z�k�l�d�h�\�� �h�[�j�Z�a�h�\�Z�g�b�y�� �D�K�<�� �\�� �g�_�d�h�l�h�j�u�o�� �k�d�\�Z�`�b�g�Z�o��



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

53 

�n�b�d�k�b�j�h�\�Z�e�b�k�v�� �i�h�\�u�r�_�g�g�u�_�� �a�g�Z�q�_�g�b�y�� �f�h�s�g�h�k�l�b�� �]�e�b�g�b�k�l�h�c�� �l�h�e�s�b�� �i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �h�d�j�m�`�Z�x�s�b�f�� �f�Z�k�k�b�\�h�f���� �^�h�k�l�b�]�Z�x�s�b�_�� ������ �b�� �[�h�e�_�_�� �f�� �>�����@���� �L�Z�d�b�_��
�e�h�d�Z�e�v�g�h�� �m�\�_�e�b�q�_�g�g�u�_�� �f�h�s�g�h�k�l�b�� �]�e�b�g�� �h�l�f�_�q�Z�x�l�k�y�� �\�� �f�_�k�l�Z�o�� �h�[�g�Z�j�m�`�_�g�b�y��
�^�j�_�\�g�b�o�� �d�Z�j�k�l�h�\�u�o�� �i�j�h�\�Z�e�h�\���� �d�� �d�h�l�h�j�u�f�� �\�� �����Å�������� �k�e�m�q�Z�_�\�� �i�j�b�m�j�h�q�_�g�u��
�k�h�\�j�_�f�_�g�g�u�_�� �D�K�<���� �?�k�e�b�� �g�_�� �m�q�b�l�u�\�Z�l�v�� �w�l�h�� �h�[�k�l�h�y�l�_�e�v�k�l�\�h���� �l�h�� �i�j�b�� �h�p�_�g�d�_��
�h�i�Z�k�g�h�k�l�b�� �\�h�a�f�h�`�g�h�k�l�b�� �j�Z�a�\�b�l�b�y�� �D�K�I�� �f�h�`�g�h�� �h�r�b�[�h�q�g�h�� �h�i�Z�k�g�u�c�� �m�q�Z�k�l�h�d��
�b�a�u�k�d�Z�g�b�c���h�l�g�_�k�l�b���d���g�_�h�i�Z�k�g�h�f�m�� 
 
�=�e�m�[�b�g�Z���\�h�j�h�g�h�d 

�G�Z�� �j�b�k�� ���� �i�h�d�Z�a�Z�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �]�e�m�[�b�g�� �D�K�<���� �=�e�m�[�b�g�u�� �\�h�j�h�g�h�d��
�b�a�f�_�g�y�x�l�k�y�� �h�l�� �������� �^�h�� ��,0 �f�� �i�j�b�� �k�j�_�^�g�_�c�� �]�e�m�[�b�g�_�� �������� �f�� ���a ���� �f������ �I�j�b�� �w�l�h�f�� �\��
�e�b�l�_�j�Z�l�m�j�_�� �b�g�h�]�^�Z�� �\�k�l�j�_�q�Z�_�l�k�y�� �b�g�n�h�j�f�Z�p�b�y�� �h�� �\�h�j�h�g�d�Z�o�� �^�b�Z�f�_�l�j�h�f�� �� �f�� �b��
�]�e�m�[�b�g�h�c������ �f�����q�Z�s�_���m�i�h�f�b�g�Z�_�l�k�y���h���]�e�m�[�b�g�Z�o���^�h�����±8 �f���>�����������������@�����i�h�^�l�\�_�j�`�^�_�g�b�y��
�j�Z�a�f�_�j�h�\�� �d�h�l�h�j�u�o�� �\�� �Z�j�o�b�\�g�u�o�� �f�Z�l�_�j�b�Z�e�Z�o�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c�� �g�_�� �g�Z�c�^�_�g�h���� �K�d�h�j�_�_�� �\�k�_�]�h���� �j�_�q�v�� �r�e�Z�� �h�� �^�j�_�\�g�b�o��
�d�Z�j�k�l�h�\�u�o���i�j�h�\�Z�e�Z�o�����<���p�_�e�h�f���]�e�m�[�b�g�u���\�h�j�h�g�h�d���g�_�[�h�e�v�r�b�_�����q�l�h���h�i�j�_�^�_�e�y�_�l�k�y���g�_��
�[�u�k�l�j�u�f�� ���f�]�g�h�\�_�g�g�u�f�� �i�j �h�\�Z�e�h�f���� �Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �f�_�^�e�_�g�g�u�f�� �h�k�_�^�Z�g�b�_�f��
�i�h�\�_�j�o�g�h�k�l�b���\���i�j�_�^�_�e�Z�o���h�k�e�Z�[�e�_�g�g�h�c���a�h�g�u���>�����������@�����I�j�h�p�_�k�k���g�Z�i�h�f�b�g�Z�_�l���i�_�k�h�q�g�u�_��
�q�Z�k�u�����^�b�Z�f�_�l�j���b���]�e�m�[�b�g�Z���\�h�j�h�g�h�d���q�Z�k�l�b�q�g�h���d�h�g�l�j�h�e�b�j�m�x�l�k�y���m�]�e�h�f���_�k�l�_�k�l�\�_�g�g�h�]�h��
�h�l�d�h�k�Z�� 
 

 
 

�J�b�k�����������=�b�k�l�h�]�j�Z�f�f�Z���j�Z�k�i�j�_�^�_�e�_�g�b�y���]�e�m�[�b�g���D�K�< 
 

�<���k�\�y�a�b���k���w�l�b�f���b���^�_�n�h�j�f�Z�p�b�b���a�^�Z�g�b�c���i�j�h�b�k�o�h�^�b�e�b���i�h�k�l�_�i�_�g�g�h���>�������������@�����[�_�a��
�f�]�g�h�\�_�g�g�u�o���h�[�j�m�r�_�g�b�c�����j�b�k�� ���������W�l�h���i�h�a�\�h�e�b�e�h���r�l�Z�l�g�h���i�j�h�\�_�k�l�b���w�\�Z�d�m�Z�p�b�x���\�k�_�o��
�`�b�l�_�e�_�c�� �[�_�a���d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�o�� �i�h�k�e�_�^�k�l�\�b�c���� �G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h��
�j�Z�a�j�m�r�_�g�g�u�_���a�^�Z�g�b�y���i�h�d�h�b�e�b�k�v���g�Z���e�_�g�l�h�q�g�u�o���n�m�g�^�Z�f�_�g�l�Z�o�� 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

54 

 
 

�J�b�k�����������J�Z�a�\�b�l�b�_���^�_�n�h�j�f�Z�p�b�c���b���j�Z�a�j�m�r�_�g�b�c���`�b�e�h�]�h���i�y�l�b�w�l�Z�`�g�h�]�h���a�^�Z�g�b�y���� 
�N�h�l�h���E���=�� �Q�_�j�l�d�h�\�Z 

 
�J�Z�a�j�m�r�_�g�b�_�� �k�h�\�j�_�f�_�g�g�u�o�� �a�^�Z�g�b�c�� �b�� �k�h�h�j�m�`�_�g�b�c�� �g�Z�� �i�e�b�l�g�h�f�� �n�m�g�^�Z�f�_�g�l�_����

�k�d�h�j�_�_���\�k�_�]�h�����[�m�^�_�l���b�f�_�l�v���g�_�k�d�h�e�v�d�h���b�g�h�c���o�Z�j�Z�d�l�_�j���k���\�h�a�f�h�`�g�u�f���[�h�e�_�_���[�u�k�l�j�u�f��
�j�Z�a�j�m�r�_�g�b�_�f���d�h�g�k�l�j�m�d�p�b�c���[�e�Z�]�h�^�Z�j�y���g�Z�d�h�i�e�_�g�b�x���g�Z�i�j�y�`�_�g�b�c���b���f�]�g�h�\�_�g�g�h�c���b�o��
�j�Z�a�]�j�m�a�d�b���i�h���^�h�k�l�b�`�_�g�b�b���h�k�e�Z�[�e�_�g�g�h�c���a�h�g�h�c���d�j�b�l�b�q�_�k�d�b�o���j�Z�a�f�_�j�h�\�����l�j�b�]�]�_�j�g�u�c��
�w�n�n�_�d�l���� 

�B�a���k�d�Z�a�Z�g�g�h�]�h���k�e�_�^�m�_�l�����q�l�h���k�i�_�p�b�Z�e�b�k�l�u�����d�h�l�h�j�u�_���b�k�i�h�e�v�a�m�x�l���i�h�d�Z�a�Z�l�_�e�v��
�b�g�l�_�g�k�b�\�g�h�k�l�b���i�j�h�\�Z�e�h�h�[�j�Z�a�h�\�Z�g�b�y���b���j�Z�k�q�_�l�g�u�c���i�j�h�e�_�l���d�Z�j�k�l�h�\�h�]�h���i�j�h�\�Z�e�Z���^�e�y��
�h�p�_�g�d�b�� �h�i�Z�k�g�h�k�l�b�� �D�K�I�� �\�� �]���� �F�h�k�d�\�_���� �b�]�g�h�j�b�j�m�x�l�� �j�_�]�b�h�g�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b��
�j�Z�a�\�b�l�b�y�� �d�Z�j�k�l�Z�� �b�� �D�K�I�� �>�������� �����@���� �I�h�� �f�g�_�g�b�x �Z�\�l�h�j�Z���� �g�_�� �k�e�_�^�m�_�l�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b��
�i�_�j�_�g�h�k�b�l�v�� �f�_�l�h�^�u���� �Z�i�j�h�[�b�j�h�\�Z�g�g�u�_�� �\�� �g�_�d�h�l�h�j�u�o�� �j�Z�c�h�g�Z�o�� �J�h�k�k�b�b���� �g�Z�� �\�k�x�� �_�_��
�l�_�j�j�b�l�h�j�b�x�� 

 
�<�u�\�h�^�u 

 
���� �I�j�b�\�_�^�_�g�u�� �m�l�h�q�g�_�g�g�u�_�� �k�\�_�^�_�g�b�y�� �h�� �i�Z�j�Z�f�_�l�j�Z�o�� �D�K�<�� �\�� �]�� �F�h�k�d�\�_����

�d�h�e�b�q�_�k�l�\�h���\�h�j�h�g�h�d�����\�j�_�f�y���h�[�j�Z�a�h�\�Z�g�b�y�����a�g�Z�q�_�g�b�y���^�b�Z�f�_�l�j�h�\�����]�e�m�[�b�g�����f�h�s�g�h�k�l�v��
�]�e�b�g�� �g�Z�� �m�q�Z�k�l�d�Z�o�� �h�[�j�Z�a�h�\�Z�g�b�y�� �\�h�j�h�g�h�d���� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�o�� �a�g�Z�q�_�g�b�c�� �b�� �^�j����
�>�b�Z�f�_�l�j�u���\�h�j�h�g�h�d���f�_�g�v�r�_���i�h�q�l�b���\���l�j�b���j�Z�a�Z�����k�j�_�^�g�b�_���^�b�Z�f�_�l�j�u�����������b�������������f���^�e�y��
�^�\�m�o�� �\�u�^�_�e�_�g�g�u�o�� �\�u�[�h�j�h�d���� �g�Z�� �m�q�Z�k�l�d�Z�o���� �]�^�_�� �j�Z�a�\�b�l�u�� �\�_�j�o�g�_�d�Z�f�_�g�g�h�m�]�h�e�v�g�u�_��
�i�h�j�h�^�u�� ���l�Z�d�� �g�Z�a�u�\�Z�_�f�u�c�� �©�k�e�h�_�g�u�c�� �i�b�j�h�]�ª������ �k�j�_�^�g�b�c�� �^�b�Z�f�_�l�j�� �\�k�_�o�� �\�h�j�h�g�h�d���±��
�������� �f�� 

���� �:�g�Z�e�b�a�� �\�j�_�f�_�g�b�� �\�\�_�^�_�g�b�y�� �\�� �w�d�k�i�e�m�Z�l�Z�p�b�x�� �d�j�m�i�g�u�o�� �\�h�^�h�a�Z�[�h�j�h�\��
�i�h�^�l�\�_�j�^�b�e�� �i�j�b�j�h�^�m�� �D�K�I���� �k�\�y�a�Z�g�g�m�x�� �k�� �f�h�s�g�u�f�b�� �h�l�d�Z�q�d�Z�f�b�� �p�b�d�e�b�q�_�k�d�h�]�h��
�o�Z�j�Z�d�l�_�j�Z���� �H�[�j�Z�a�h�\�Z�g�b�_�� �D�K�<�� �h�i�j�_�^�_�e�y�_�l�k�y�� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �\�j�_�f�_�g�_�f��
�i�j�h�\�_�^�_�g�b�y���l�Z�d�b�o���h�l�d�Z�q�_�d�� 

���� �G�_�[�h�e�v�r�h�_���d�h�e�b�q�_�k�l�\�h�� �D�K�<���\�� �]�� �F�h�k�d�\�_�����h�l�k�m�l�k�l�\�b�_���j�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�o��
�h�[�t�_�f�h�\�� �\�u�[�h�j�h�d������ �i�h�e�b�f�h�^�Z�e�v�g�u�c�� �o�Z�j�Z�d�l�_�j�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �b�o�� �i�Z�j�Z�f�_�l�j�h�\����
�h�l�k�m�l�k�l�\�b�_���f�g�h�]�h�e�_�l�g�_�c���g�Z�[�e�x�^�Z�l�_�e�v�g�h�c���k�_�l�b�����Z���^�e�y���i�h�e�h�\�b�g�u���D�K�< �±���l�h�q�g�u�o���^�Z�l��



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

55 

�h�[�j�Z�a�h�\�Z�g�b�y���� �g�_�h�^�g�h�a�g�Z�q�g�h�k�l�v�� �h�i�j�_�^�_�e�_�g�b�y�� �i�e�h�s�Z�^�b�� �j�Z�a�\�b�l�b�y�� �D�K�I���� �Z�� �l�Z�d�`�_��
�k�m�]�m�[�h�� �l�_�o�g�h�]�_�g�g�Z�y�� �i�j�b�j�h�^�Z�� �h�[�j�Z�a�h�\�Z�g�b�y�� �\�h�j�h�g�h�d���� �g�_�� �i�h�a�\�h�e�y�x�l�� �b�k�i�h�e�v�a�h�\�Z�l�v��
�i�j�_�^�e�Z�]�Z�_�f�u�_���\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���\�_�j�h�y�l�g�h�k�l�g�u�_���f�_�l�h�^�u���^�e�y���h�p�_�g�d�b���h�i�Z�k�g�h�k�l�b��
�j�Z�a�\�b�l�b�y�� �D�K�<�� ���j�Z�k�q�_�l�� �i�h�d�Z�a�Z�l�_�e�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�j�h�\�Z�e�h�h�[�j�Z�a�h�\�Z�g�b�y�� �b��
�\�u�q�b�k�e�_�g�b�y���j�Z�k�q�_�l�g�h�]�h���i�j�h�e�_�l�Z���d�Z�j�k�l�h�\�h�]�h���i�j�h�\�Z�e�Z���� 

���� �H�p�_�g�d�Z�� �h�i�Z�k�g�h�k�l�b�� �j�Z�a�\�b�l�b�y�� �D�K�I�� �\�� �]���� �F�h�k�d�\�_�� �^�h�e�`�g�Z�� �[�Z�a�b�j�h�\�Z�l�v�k�y�� �g�Z��
�^�_�l�Z�e�v�g�h�f�� �b�a�m�q�_�g�b�b�� �b�g�`�_�g�_�j�g�h���]�_�h�e�h�]�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c���� �\�u�y�\�e�_�g�b�b��
�a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c���j�Z�a�\�b�l�b�y���b���i�j�h�l�_�d�Z�g�b�y���D�K�I�����\�u�[�h�j�Z���\�_�^�m�s�b�o���i�j�b�a�g�Z�d�h�\�����\�d�e�Z�^��
�d�h�l�h�j�u�o�� �g�Z�b�[�h�e�v�r�b�c�� ���a�g�Z�q�b�f�u�c���� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �j�Z�c�h�g�b�j�h�\�Z�g�b�y�� �l�_�j�j�b�l�h�j�b�b���b��
�i�j�h�]�g�h�a�Z���k�l�_�i�_�g�b���h�i�Z�k�g�h�k�l�b���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���i�j�h�p�_�k�k�h�\�� 

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

 
1. �:�g�b�d�_�_�\�� �:���<���� �I�j�h�\�Z�e�u�� �b�� �\�h�j�h�g�d�b�� �h�k�_�^�Z�g�b�y�� �\�� �d�Z�j�k�l�h�\�u�o�� �j�Z�c�h�g�Z�o����

�f�_�o�Z�g�b�a�f�u�� �h�[�j�Z�a�h�\�Z�g�b�y���� �i�j�h�]�g�h�a���b�� �h�p�_�g�d�Z�� �j�b�k�d�Z���� �F������ �B�a�^-�\�h�� �J�M�>�G���� ������������
325 �k�� 

2. �?�e�d�b�g�� �<���:���� �H�p�_�g�d�Z�� �d�Z�j�k�l�h�\�h�c�� �h�i�Z�k�g�h�k�l�b�� �i�j�b�� �b�g�`�_�g�_�j�g�u�o�� �b�a�u�k�d�Z�g�b�y�o����
�h�[�a�h�j�� �j�h�k�k�b�c�k�d�b�o�� �g�h�j�f�Z�l�b�\�g�u�o�� �l�_�o�g�b�q�_�k�d�b�o�� �^�h�d�m�f�_�g�l�h�\�� ������ �B�g�`�_�g�_�j�g�u�_��
�b�a�u�k�d�Z�g�b�y���� ������������ �L���� �;�,�,���� �‹�� �����±�������� �K�� 12�±24. https://doi.org/10.25296/1997-
8650-2018-12-11-12-12-24. 

3. �D�Z�e�b�g�b�g�� �W���<���� �B�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�_�� �j�Z�k�q�_�l�u�� �b�� �f�h�^�_�e�b�j�h�\�Z�g�b�_���� �F������
�B�a�^-�\�h���F�=�M���������������������� �k�� 

4. �D�Z�l�Z�_�\�� �<���G������ �?�j�h�n�_�_�\�� �?���:���� �D�j�Z�l�d�b�c�� �b�k�l�h�j�b�q�_�k�d�b�c�� �h�[�a�h�j�� �l�_�h�j�_�l�b�q�_�k�d�h�]�h�� �b��
�i�j�Z�d�l�b�q�_�k�d�h�]�h�� �h�i�u�l�Z�� �i�j�b�f�_�g�_�g�b�y�� �\�_�j�h�y�l�g�h�k�l�g�h-�k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�� �\��
�d�Z�j�k�l�h�\�_�^�_�g�b�b���������K�h�\�j�_�f�_�g�g�u�_���i�j�h�[�e�_�f�u���g�Z�m�d�b���b���h�[�j�Z�a�h�\�Z�g�b�y�����������������‹ 1. 
�K�� 477�±490. 

5. �D�h�`�_�\�g�b�d�h�\�Z�� �<���G���� �H�k�h�[�_�g�g�h�k�l�b�� �f�_�o�Z�g�b�a�f�Z�� �h�[�j�Z�a�h�\�Z�g�b�y�� �i�j�h�k�Z�^�h�d�� �b��
�i�j�h�\�Z�e�h�\�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �b�a�f�_�g�_�g�b�c�� �]�b�^�j�h�]�_�h�e�h�]�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c��
�a�Z�d�Z�j�k�l�h�\�Z�g�g�u�o�� �l�_�j�j�b�l�h�j�b�c�� ������ �I�j�h�]�g�h�a�� �b�a�f�_�g�_�g�b�y�� �]�b�^�j�h�]�_�h�e�h�]�b�q�_�k�d�b�o��
�m�k�e�h�\�b�c�� �a�Z�k�l�j�Z�b�\�Z�_�f�u�o�� �l�_�j�j�b�l�h�j�b�c���� �k�[�h�j�g�b�d�� �g�Z�m�q�g�u�o�� �l�j�m�^�h�\�� �I�G�B�B�B�K�� ����
�I�h�  ̂�j�_�^�����B���Y�� �I�Z�g�l�_�e�_�_�\�Z�����F�������K�l�j�h�c�b�a�^�Z�l�����������������K�� �������Å�������� 

6. �D�h�l�e�h�\�� �N���<������ �F�_�^�\�_�^�_�\�� �H���I������ �D�h�`�_�\�g�b�d�h�\�Z�� �<���G������ �D�b�k�_�e�_�\�Z�� �A���L����
�:�g�l�j�h�i�h�]�_�g�g�Z�y�� �Z�d�l�b�\�b�a�Z�p�b�y�� �d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� ������ �L�j�m�^�u��
�I�G�B�B�B�K�����������������<�u�i�� ���������K�� 4�±11. 

7. �D�h�q�_�\���:���>�����H�i�u�l���b�a�m�q�_�g�b�y���f�_�o�Z�g�b�a�f�Z���h�[�j�Z�a�h�\�Z�g�b�y���d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�h�c��
�\�h�j�h�g�d�b�� �\�� �m�k�e�h�\�b�y�o�� �d�j�m�i�g�h�]�h�� �]�h�j�h�^�Z�� ������ �L�_�a�b�k�u�� �^�h�d�e�Z�^�h�\�� �j�_�]�b�h�g�Z�e�v�g�h�]�h��
�k�h�\�_�s�Z�g�b�y���©�I�j�h�[�e�_�f�u���b�a�m�q�_�g�b�y���l�_�o�g�h�]�_�g�g�h�]�h���d�Z�j�k�l�Z�ª�����D�m�g�]�m�j�����������������K�� �����Å
79. 

8. �D�h�q�_�\�� �:���>���� �I�j�b�j�h�^�Z�� �b�� �f�_�o�Z�g�b�a�f�� �d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �g�Z��
�l�_�j�j�b�l�h�j�b�b�� �]���� �F�h�k�d�\�u�� �b�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_�� �f�_�l�h�^�b�d�b�� �b�o�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�h�]�h���b�a�m�q�_�g�b�y�����^�b�k�����«���d�Z�g�^�����]�_�h�e��-�f�b�g�����g�Z�m�d�����F�������B�a�^-�\�h���F�=�J�B��
�b�f�����K�� �H�j�^�`�h�g�b�d�b�^�a�_���������������������� �k�� 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

56 

9. �D�h�q�_�\�� �:���>���� �B�a�m�q�_�g�b�_�� �f�_�o�Z�g�b�a�f�Z�� �h�[�j�Z�a�h�\�Z�g�b�y�� �d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�o��
�\�h�j�h�g�h�d�� �\�� �]�� �F�h�k�d�\�_�� ������ �B�g�`�_�g�_�j�g�Z�y�� �]�_�h�e�h�]�b�y���� ������������ �L���� �;�9�,���� �‹ ������ �K�� �����Å��������
https://doi.org/10.25296/1993-5056-2021-16-4-34-45. 

10. �D�h�q�_�\�� �:���>���� �J�_�]�b�h�g�Z�e�v�g�u�c�� �i�h�^�o�h�^�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c�� �g�Z�� �a�Z�d�Z�j�k�l�h�\�Z�g�g�u�o�� �l�_�j�j�b�l�h�j�b�y�o�� ������ �F�Z�l�_�j�b�Z�e�u��
�F�_�`�^�m�g�Z�j�h�^�g�h�c�� �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �,�,�, �D�j�u�f�k�d�b�_��
�d�Z�j�k�l�h�e�h�]�b�q�_�k�d�b�_�� �q�l�_�g�b�y�� �©�L�_�h�j�b�y�� �b�� �i�j�Z�d�l�b�d�Z�� �k�h�\�j�_�f�_�g�g�h�c�� �d�Z�j�k�l�h�e�h�]�b�b�� �b��
�k�i�_�e�_�h�e�h�]�b�b�ª���� �K�b�f�n�_�j�h�i�h�e�v���� �B�a�^-�\�h�� �D�j�u�f�k�d�h�]�h�� �n�_�^�_�j�Z�e�v�g�h�]�h��
�m�g�b�\�_�j�k�b�l�_�l�Z���b�f�����<���B�����<�_�j�g�Z�^�k�d�h�]�h�����������������K�� �����Å������ 

11. �D�h�q�_�\�� �:���>������ �Q�_�j�l�d�h�\�� �E���=������ �A�Z�c�h�g�p�� �B���E���� �D�� �\�h�i�j�h�k�m�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�h�]�h�� �j�Z�c�h�g�b�j�h�\�Z�g�b�y�� �l�_�j�j�b�l�h�j�b�b�� �k�_�\�_�j�h-�a�Z�i�Z�^�Z�� �]�� �F�h�k�d�\�u�� �i�h��
�k�l�_�i�_�g�b�� �h�i�Z�k�g�h�k�l�b�� �j�Z�a�\�b�l�b�y�� �d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\ // 
�F�Z�l�_�j�b�Z�e�u���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b�b���©�B�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�_��
�a�Z�^�Z�q�b�� �k�h�\�j�_�f�_�g�g�h�k�l�b�� �b�� �f�_�l�h�^�u�� �b�o�� �j�_�r�_�g�b�y�ª���� �F�������H�H�H�� �©�=�_�h�f�Z�j�d�_�l�b�g�]�ª, 
�������������K�� �����Å������ 

12. �D�h�q�_�\�� �:���>������ �Q�_�j�l�d�h�\�� �E���=������ �A�Z�c�h�g�p�� �B���E���� �D�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�_�� �i�j�h�p�_�k�k�u��
�g�Z�� �l�_�j�j�b�l�h�j�b�b�� �]�� �F�h�k�d�\�u�� �b�� �i�j�h�[�e�_�f�Z�� �h�p�_�g�d�b�� �b�o�� �h�i�Z�k�g�h�k�l�b�� ������ �B�g�`�_�g�_�j�g�Z�y��
�]�_�h�e�h�]�b�y���� ������������ �L���� �;�,�,�,���� �‹ ������ �K�� �����Å�������� �K�W�W�S�V�������G�R�L���R�U�J����������������������������-5056-
2018-13-6-24-32. 

13. �D�h�q�_�\�� �:���>������ �Q�_�j�l�d�h�\�� �E���=������ �A�Z�c�h�g�p�� �B���E������ �:�n�Z�g�Z�k�v�_�\�� �<���X���� �F�_�l�h�^�b�d�Z�� �b��
�j�_�a�m�e�v�l�Z�l�u�� �d�h�f�i�e�_�d�k�g�h�]�h�� �b�a�m�q�_�g�b�y�� �d�Z�j�k�l�h�\�h-�k�m�n�n�h�a�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\��
�]�� �F�h�k�d�\�_���������B�g�`�_�g�_�j�g�Z�y���]�_�h�e�h�]�b�y�����������������‹���������K�� �����Å������ 

14. �D�j�h�i�h�l�d�b�g�� �F���I���� �H�p�_�g�d�Z�� �h�i�Z�k�g�h�k�l�b�� �d�Z�j�k�l�h�\�h�]�h�� �i�j�h�\�Z�e�h�h�[�j�Z�a�h�\�Z�g�b�y���± 
�^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�Z�y�� �b�e�b�� �k�l�h�o�Z�k�l�b�q�_�k�d�Z�y�"�� ������ �B�g�`�_�g�_�j�g�u�_�� �b�a�u�k�d�Z�g�b�y���� ������������ 
�L�� �;�,�,�����‹�����Å���������K���������Å���������K�W�W�S�V�������G�R�L���R�U�J����������������������������-8650-2018-12-9-10-12-
26. 

15. �F�_�^�\�_�^�_�\�� �H���I������ �B�e�v�b�g�k�d�Z�y�� �B���F���� �H�^�b�g�� �b�a�� �i�j�b�g�p�b�i�h�\�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�h�]�h�� �j�Z�c�h�g�b�j�h�\�Z�g�b�y�� �d�Z�j�k�l�h�h�i�Z�k�g�u�o�� �l�_�j�j�b�l�h�j�b�c�� ������ �B�g�`�_�g�_�j�g�u�_��
�b�a�u�k�d�Z�g�b�y���\���k�l�j�h�b�l�_�e�v�k�l�\�_�����������������<�u�i�����������K�� 8�±10. 

16. �K�Z�\�Z�j�_�g�k�d�b�c�� �B���:������ �F�b�j�h�g�h�\�� �G���:���� �J�m�d�h�\�h�^�k�l�\�h�� �i�h�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�b�f�� �b�a�u�k�d�Z�g�b�y�f�� �\�� �j�Z�c�h�g�Z�o�� �j�Z�a�\�b�l�b�y�� �d�Z�j�k�l�Z���� �F������ �B�a�^-�\�h��
�I�G�B�B�B�K�������������������������k�� 

17. �L�h�e�f�Z�q�_�\�� �<���<������ �J�h�c�l�_�j�� �N���� �B�g�`�_�g�_�j�g�h�_�� �d�Z�j�k�l�h�\�_�^�_�g�b�_���� �F������ �G�_�^�j�Z���� ������������
152 �k�� 

18. �L�&�+�� ������-50-������ �J�;�� �B�g�k�l�j�m�d�p�b�y�� �i�h�� �b�a�u�k�d�Z�g�b�y�f���� �i�j�h�_�d�l�b�j�h�\�Z�g�b�x����
�k�l�j�h�b�l�_�e�v�k�l�\�m�� �b�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �a�^�Z�g�b�c�� �b�� �k�h�h�j�m�`�_�g�b�c�� �g�Z�� �a�Z�d�Z�j�k�l�h�\�Z�g�g�u�o��
�l�_�j�j�b�l�h�j�b�y�o�� 

19. �M�q�_�l�� �j�_�]�b�h�g�Z�e�v�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �K�I�� �©�B�g�`�_�g�_�j�g�u�_��
�b�a�u�k�d�Z�g�b�y�� �^�e�y�� �k�l�j�h�b�l�_�e�v�k�l�\�Z�� �g�Z�� �a�Z�d�Z�j�k�l�h�\�Z�g�g�u�o�� �l�_�j�j�b�l�h�j�b�y�o���� �H�[�s�b�_��
�l�j�_�[�h�\�Z�g�b�y�ª�� ���� �:���>�� �D�h�q�_�\���� �:���<���� �:�g�b�d�_�_�\���� �F���B���� �;�h�]�^�Z�g�h�\���� �<���:���� �?�e�d�b�g���� 
�<���=�� �D�Z�f�Z�e�h�\�� ������ �F�Z�l�_�j�b�Z�e�u�� �^�h�d�e�Z�^�h�\�� �Q�_�l�u�j�g�Z�^�p�Z�l�h�c�� �H�[�s�_�j�h�k�k�b�c�k�d�h�c��
�g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �b�� �\�u�k�l�Z�\�d�b�� �b�a�u�k�d�Z�l�_�e�v�k�d�b�o��
�h�j�]�Z�g�b�a�Z�p�b�c�� �©�I�_�j�k�i�_�d�l�b�\�u�� �j�Z�a�\�b�l�b�y�� �b�g�`�_�g�_�j�g�u�o�� �b�a�u�k�d�Z�g�b�c�� �\��



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

57 

�k�l�j�h�b�l�_�e�v�k�l�\�_�� �\�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�ª���� �F�������H�H�H���©�=�_�h�f�Z�j�d�_�l�b�g�]�ª, 2018. 
�K�� �������Å�������� 

20. �O�h�f�_�g�d�h�� �<���I���� �G�h�j�f�Z�l�b�\�g�Z�y�� �h�p�_�g�d�Z�� �d�Z�j�k�l�h�\�h�c�� �h�i�Z�k�g�h�k�l�b���� �d�j�b�a�b�k�g�Z�y��
�k�b�l�m�Z�p�b�y ������ �F�Z�l�_�j�b�Z�e�u�� �j�h�k�k�b�c�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �k�� �f�_�`�^�m�g�Z�j�h�^�g�u�f��
�m�q�Z�k�l�b�_�f���©�=�_�h�l�_�o�g�b�q�_�k�d�b�_���i�j�h�[�e�_�f�u���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���a�^�Z�g�b�c���b���k�h�h�j�m�`�_�g�b�c��
�g�Z�� �d�Z�j�k�l�h�h�i�Z�k�g�u�o�� �l�_�j�j�b�l�h�j�b�y�o�ª���� �M�n�Z���� �B�a�^-�\�h�� �=�M�I�� �B�g�k�l�b�l�m�l��
�©�;�Z�r�G�B�B�k�l�j�h�c�ª�����������������K�� 240�±245. 

21. �Q�_�j�l�d�h�\���E���=�����D�Z�j�k�l�h�\�u�_���b���k�m�n�n�h�a�b�h�g�g�h-�i�j�h�\�Z�e�v�g�u�_���y�\�e�_�g�b�y���g�Z���l�_�j�j�b�l�h�j�b�b��
�]�� �F�h�k�d�\�u���b���f�_�l�h�^�b�d�Z���b�o���b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�h�]�h���b�a�m�q�_�g�b�y�����^�b�k�����«���d�Z�g�^����
�]�_�h�e��-�f�b�g�����g�Z�m�d�����F�������F�=�M�������������� 

22. �S�_�j�[�Z�d�h�\���K���<�������D�Z�l�Z�_�\���<���G�������A�h�e�h�l�Z�j�_�\���>���J�������D�h�\�Z�e�_�\�Z���L���=�����I�h�\�_�j�o�g�h�k�l�g�u�_��
�^�_�n�h�j�f�Z�p�b�b�� �\�� �m�k�e�h�\�b�y�o�� �i�h�d�j�u�l�h�]�h�� �d�Z�j�k�l�Z���� �d�h�f�i�e�_�d�k�b�j�h�\�Z�g�b�_�� �f�_�l�h�^�h�\��
�h�p�_�g�d�b���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���\���b�g�`�_�g�_�j�g�u�o���p�_�e�y�o���������B�g�`�_�g�_�j�g�Z�y��
�]�_�h�e�h�]�b�y���� ������������ �L���� �;�,�,�,���� �‹�� ������ �K���� �����±23. https://doi.org/10.25296/1993-5056-
2018-13-6-10-23. 

 
A.D. Kochev 

 
�,�Q�V�W�L�W�X�W�H���³�7�U�D�Q�V�S�U�R�M�H�F�W�H�Q�J�L�Q�H�H�U�L�Q�J�´���/�/�&�����0�R�V�F�R�Z�����D���N�R�F�K�H�Y�#�P�D�L�O���U�X 

 
INFORMATION ABOUT KARST -SUFFOSION FUNNELS IN MOSCOW 

 
Abstract. New detailed information about karst-suffusion funnels (KSF) formed in Moscow is 
presented. Analysis of data on KSF, as well as engineering-geological conditions and the nature of 
their formation showed the following: 1) the activation of karst-suffusion processes in Moscow was 
caused by significant pumping from fissure-karst waters; 2) the number of KSF and information about 
them are insufficient to form representative samples for statistical data processing; 3) the distribution 
of funnel parameter values does not correspond to the normal or lognormal law; diameter values vary 
from 1.5 to 53.0 m; 4) KSF developed under different engineering-geological conditions, which 
largely determined their sizes; 5) for half of the KSF, the dates of their formation have not been 
determined; there was no long-term observation network for the development of funnels. The 
revealed patterns allow us to conclude that the use of some probabilistic methods (calculating  
the indicator of the intensity of failure formation, determining the parameters of the design span) does 
not seem correct and is not justified. 
Key words: karst-suffosion funnels; sinkhole intensity; design span; distribution of funnel parameter 
values; pumping from fissure-karst waters; thickness of separating clays. 
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METHODOLOGICAL ASPECTS OF AREA CORRECTION OF SPECIMEN 
IN TRIAXIAL TESTS OF CLAYEY SOILS  

 
Abstract. The paper considers the results of consolidated-undrained triaxial compression tests of 
cohesive soils with and without area correction of sample. The estimation of the accumulated error 
formed due to the absence of an adjustment for the change of the sample area during the deviatoric 
loading, in the determination of the internal friction angle and the value of the adhesion is given. 
Key words: clayey soils; laboratory tests; triaxial test; soil strength; Mohr �Å��Coulomb model. 
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�± �g�_�� �g�Z�o�h�^�y�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�_�a�m�e�v�l�Z�l�u�� �]�h�j�h�^�k�d�b�o�� �]�_�h�^�_�a�b�q�_�k�d�b�o�� �k�_�l�_�c����
�g�Z�o�h�^�y�s�b�_�k�y�� �\�� �N�_�^�_�j�Z�e�v�g�h�f�� �n�h�g�^�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �^�Z�g�g�u�o�� �J�h�k�j�_�_�k�l�j�Z�� �b��
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�± �d�� �i�j�h�[�e�_�f�_�� �g�h�j�f�Z�l�b�\�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y�� �k�e�_�^�m�_�l�� �h�l�g�_�k�l�b�� �b�� �h�l�k�m�l�k�l�\�b�_��
�l�j�_�[�h�\�Z�g�b�c�� �d�� �i�h�e�m�q�_�g�b�x�� �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�o�� �h�j�l�h�n�h�l�h�i�e�Z�g�h�\���� �i�h�e�m�q�Z�_�f�u�o�� �k��
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�i�j�Z�d�l�b�q�_�k�d�h�c�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c�� �i�j�h�\�_�j�d�_�� �b�o�� �i�j�b�f�_�g�_�g�b�y���� �D�� �k�h�`�Z�e�_�g�b�x����
�h�l�k�m�l�k�l�\�m�_�l�� �b�� �g�Z�m�q�g�Z�y�� �i�j�h�]�j�Z�f�f�Z�� �\�� �k�n�_�j�_�� �l�_�o�g�b�q�_�k�d�h�]�h�� �j�_�]�m�e�b�j�h�\�Z�g�b�y��
�b�g�`�_�g�_�j�g�h-�]�_�h�^�_�a�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c���� �<�� �p�_�e�h�f�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �f�h�]�m�l�� �[�u�l�v��
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�%�,�0�� �n�h�d�m�k�b�j�m�_�l�k�y�� �g�Z�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �a�^�Z�g�b�y���� �P�b�n�j�h�\�h�c�� �^�\�h�c�g�b�d���± �w�l�h��
�k�b�f�m�e�y�p�b�y�� �l�h�]�h���� �d�Z�d�� �k�i�_�p�b�Z�e�b�k�l�u�� �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l�� �k�h�� �k�\�h�b�f�� �h�d�j�m�`�_�g�b�_�f�� �\��
�i�j�h�p�_�k�k�_���k�l�j�h�b�l�_�e�v�k�l�\�Z���b���w�d�k�i�e�m�Z�l�Z�p�b�b���a�^�Z�g�b�y���b�e�b���k�h�h�j�m�`�_�g�b�y�����I�j�_�^�k�l�Z�\�e�y�_�l�k�y��
�g�_�\�_�j�g�u�f�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �l�_�o�g�h�e�h�]�b�x�� �%�,�0�� �d�Z�d�� �p�b�n�j�h�\�h�_�� �n�b�a�b�q�_�k�d�h�_��
�i�j�h�k�l�j�Z�g�k�l�\�h�� �h�[�t�_�d�l�Z���� �%�,�0�� �i�h�a�\�h�e�y�_�l�� �k�h�a�^�Z�l�v�� �d�Z�q�_�k�l�\�_�g�g�u�c�� �i�j�h�_�d�l�� �h�[�t�_�d�l�Z���� �Z��
�p�b�n�j�h�\�m�x�� �d�h�i�b�x�� �j�_�Z�e�b�a�h�\�Z�g�g�h�]�h�� �n�b�a�b�q�_�k�d�h�]�h�� �h�[�t�_�d�l�Z�� �b�� �_�]�h�� �f�_�k�l�h�i�h�e�h�`�_�g�b�y��
�i�h�a�\�h�e�y�_�l���k�f�h�^�_�e�b�j�h�\�Z�l�v���p�b�n�j�h�\�h�c���^�\�h�c�g�b�d���>���@�� 

�K�� �i�h�f�h�s�v�x�� �p�b�n�j�h�\�u�o�� �^�\�h�c�g�b�d�h�\�� �f�h�`�g�h�� �i�h�k�l�j�h�b�l�v�� �f�h�^�_�e�v�� �[�m�^�m�s�_�]�h��
�a�^�Z�g�b�y�� �b�e�b�� �p�_�e�h�]�h�� �d�\�Z�j�l�Z�e�Z�� �b�� �k�i�j�h�]�g�h�a�b�j�h�\�Z�l�v���� �d�Z�d�� �h�g�h�� �\�i�b�r�_�l�k�y�� �\�� �k�j�_�^�m����
�\�u�^�_�j�`�b�l�� �d�e�b�f�Z�l�b�q�_�k�d�b�_�� �m�k�e�h�\�b�y�� �b�� �g�Z�]�j�m�a�d�b�� �g�Z�� �g�_�k�m�s�b�_�� �d�h�g�k�l�j�m�d�p�b�b����
�J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�c���i�h���i�j�b�f�_�g�_�g�b�x���p�b�n�j�h�\�u�o���^�\�h�c�g�b�d�h�\���i�j�_�^�k�l�Z�\�e�_�g�u���\�h��
�f�g�h�]�b�o�� �i�m�[�e�b�d�Z�p�b�y�o���� �G�Z�b�[�h�e�_�_�� �^�_�l�Z�e�v�g�h�� �i�j�b�f�_�g�_�g�b�_�� �p�b�n�j�h�\�u�o�� �^�\�h�c�g�b�d�h�\�� �\��
�k�l�j�h�b�l�_�e�v�g�h�c���h�l�j�Z�k�e�b���b�a�e�h�`�_�g�h���\���k�l�Z�l�v�y�o���>���������@�����<���w�l�b�o���i�m�[�e�b�d�Z�p�b�y�o���h�l�f�_�q�_�g�h����
�q�l�h�� �\�� �k�_�j�_�^�b�g�_�� �k�_�g�l�y�[�j�y�� ���������� �]���� �J�h�k�k�b�y�� �i�_�j�\�h�c�� �\�� �f�b�j�_�� �m�l�\�_�j�^�b�e�Z�� �k�l�Z�g�^�Z�j�l�u�� �\��
�h�[�e�Z�k�l�b�� �p�b�n�j�h�\�u�o�� �^�\�h�c�g�b�d�h�\���� �K�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �^�h�d�m�f�_�g�l���� �m�l�\�_�j�`�^�_�g�g�u�c��
�J�h�k�k�l�Z�g�^�Z�j�l�h�f�� �b�� �\�\�_�^�_�g�g�u�c�� �\�� �^�_�c�k�l�\�b�_�� ���� �y�g�\�Z�j�y�� ���������� �]������ �i�h�e�m�q�b�e�� �g�Z�a�\�Z�g�b�_��
�©�Q�b�k�e�_�g�g�h�_���f�h�^�_�e�b�j�h�\�Z�g�b�_�ª���í���=�H�K�L���J������������������-�����������©�D�h�f�i�v�x�l�_�j�g�u�_���f�h�^�_�e�b���b��
�f�h�^�_�e�b�j�h�\�Z�g�b�_�����P�b�n�j�h�\�u�_���^�\�h�c�g�b�d�b���i�j�h�^�m�d�l�h�\�����H�[�s�b�_���i�h�e�h�`�_�g�b�y�ª���>1]. 
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�i�e�Z�g�h�\�h-�\�u�k�h�l�g�h�_�� �h�[�h�k�g�h�\�Z�g�b�_�� �f�_�k�l�g�h�k�l�b�� �k�� �l�j�_�o�f�_�j�g�u�f�b�� �f�h�^�_�e�y�f�b�� �j�_�e�v�_�n�Z����
�\�d�e�x�q�Z�y�� �Z�g�l�j�h�i�h�]�_�g�g�m�x�� �b�g�n�h�j�f�Z�p�b�x���� �^�Z�g�g�u�_�� �^�b�k�l�Z�g�p�b�h�g�g�h�]�h�� �a�h�g�^�b�j�h�\�Z�g�b�y��
�A�_�f�e�b���� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �b�g�n�h�j�f�Z�p�b�y�� �h�l�� �j�Z�a�e�b�q�g�u�o�� �^�Z�l�q�b�d�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y��
�h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �b�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�o�� �b�k�l�h�q�g�b�d�h�\���� �H�k�g�h�\�g�u�_��
�]�_�h�b�g�n�h�j�f�Z�p�b�h�g�g�u�_�� �k�e�h�b�� �p�b�n�j�h�\�h�]�h�� �^�\�h�c�g�b�d�Z�� �b�� �i�j�b�f�_�j�� �b�o�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\��
�]�h�j�h�^�k�d�h�f���i�e�Z�g�b�j�h�\�Z�g�b�b���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�������� 
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�I�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�u�f�� �i�j�h�\�_�^�_�g�b�_�� �^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �g�Z�m�q�g�u�o�� �b��
�f�_�l�h�^�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�� �j�Z�a�j�Z�[�h�l�d�_�� �g�h�j�f�Z�l�b�\�g�u�o�� �^�h�d�m�f�_�g�l�h�\��
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�,�1 �&�2�1�6�7�5�8�&�7�,�2�1 
 

Abstract. The main composition of types of works and documents of technical regulation of 
engineering-geodesic surveys in construction are considered. A selective list of regulatory and 
technical documents regulating engineering-geodesic surveys is presented. Currently existing 
problematic issues have been identified that affect the timeliness and quality of the development  
of regulatory documents. Promising directions for the development of technical regulation of 
engineering-geodesic surveys are proposed. One of the current promising directions of use in the 
process of engineering-geodesic surveys of modern BIM technologies and digital twins has been 
identified and considered. It is noted that in Russia, for the first time in the world practice of technical 
regulation, a standard in the field of digital twins has been approved and put into force since 2022. 
The need to conduct research on the development of technical regulation documents for the practical 
use of digital twins in the field of engineering surveys is shown. 
�.�H�\���Z�R�U�G�V�����H�Q�J�L�Q�H�H�U�L�Q�J���J�H�R�G�H�V�L�F���V�X�U�Y�H�\�V�����U�H�J�X�O�D�W�R�U�\���G�R�F�X�P�H�Q�W�V�����W�H�F�K�Q�L�F�D�O���U�H�J�X�O�D�W�L�R�Q�����G�H�Y�H�O�R�S�P�H�Q�W��
�S�U�R�V�S�H�F�W�V�����G�L�J�L�W�D�O���W�Z�L�Q�� 
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�b�k�i�h�e�v�a�h�\�Z�g�g�u�o���k�j�_�^�k�l�\���b�a�f�_�j�_�g�b�c. 

3. �K�\�_�^�_�g�b�y�� �h �i�j�b�f�_�g�_�g�g�u�o�� �f�_�l�h�^�b�d�Z�o�� �\�u�i�h�e�g�_�g�b�y�� �i�h�e�_�\�u�o�� �b 
�d�Z�f�_�j�Z�e�v�g�u�o���j�Z�[�h�l�����\ �l�h�f �q�b�k�e�_���j�Z�k�q�_�l�g�u�o. 
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�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

72 

5. �K�\�_�^�_�g�b�y�� �h �i�j�h�\�_�^�_�g�b�b�� �\�g�m�l�j�_�g�g�_�]�h�� �b �\�g�_�r�g�_�]�h�� �d�h�g�l�j�h�e�y�� �d�Z�q�_�k�l�\�Z��
�j�Z�[�h�l�� 

�K�\�_�^�_�g�b�y�� �h �g�h�j�f�Z�l�b�\�g�u�o�� �l�_�o�g�b�q�_�k�d�b�o�� �^�h�d�m�f�_�g�l�Z�o���� �\ �k�h�h�l�\�_�l�k�l�\�b�b�� �k 
�l�j�_�[�h�\�Z�g�b�y�f�b�� �d�h�l�h�j�u�o�� �\�u�i�h�e�g�_�g�u�� �b�g�`�_�g�_�j�g�h-�]�_�h�^�_�a�b�q�_�k�d�b�_�� �b�a�u�k�d�Z�g�b�y����
�^�h�e�`�g�u�� �[�u�l�v�� �h�l�j�Z�`�_�g�u�� �\ �j�Z�a�^�_�e�Z�o�� �h�l�q�_�l�g�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b�� �©�F�_�l�h�^�b�d�Z�� �b 
�l�_�o�g�h�e�h�]�b�y���\�u�i�h�e�g�_�g�b�y���j�Z�[�h�l�ª���b �©�B�k�i�h�e�v�a�h�\�Z�g�g�u�_���^�h�d�m�f�_�g�l�u���b �f�Z�l�_�j�b�Z�e�u�ª�����Z 
�l�Z�d�`�_���\ �i�j�h�]�j�Z�f�f�_���g�Z���i�j�h�\�_�^�_�g�b�_���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c�� 

�D�j�h�f�_���l�h�]�h�����i�_�j�_�q�_�g�v���w�l�b�o���^�h�d�m�f�_�g�l�h�\���^�h�e�`�_�g���[�u�l�v���i�j�b�\�_�^�_�g���\ �a�Z�^�Z�g�b�b���g�Z 
�\�u�i�h�e�g�_�g�b�_�� �b�g�`�_�g�_�j�g�h-�]�_�h�^�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �i�h�g�y�l�v���� �q�l�h 
�a�Z�d�Z�a�q�b�d�� �^�h�i�m�k�d�Z�_�l�� �i�j�b�f�_�g�_�g�b�_�� �b�g�g�h�\�Z�p�b�h�g�g�u�o�� �f�_�l�h�^�h�\�� �i�j�b �i�j�h�b�a�\�h�^�k�l�\�_��
�j�Z�[�h�l���b �]�h�l�h�\���b�o �h�i�e�Z�q�b�\�Z�l�v�� 

�K�\�_�^�_�g�b�y���h �j�_�a�m�e�v�l�Z�l�Z�o���f�_�l�j�h�e�h�]�b�q�_�k�d�h�c���i�h�\�_�j�d�b���b�e�b �d�Z�e�b�[�j�h�\�d�b���k�j�_�^�k�l�\��
�b�a�f�_�j�_�g�b�c�� �i�j�b�\�h�^�y�l�k�y�� �\ �j�Z�a�^�_�e�_�� �©�F�_�l�h�^�b�d�Z�� �b �l�_�o�g�h�e�h�]�b�y�� �\�u�i�h�e�g�_�g�b�y�� �j�Z�[�h�l�ª����
�D�h�i�b�b���j�_�a�m�e�v�l�Z�l�h�\���f�_�l�j�h�e�h�]�b�q�_�k�d�h�c���i�h�\�_�j�d�b���b�e�b �d�Z�e�b�[�j�h�\�d�b�����k�Z�f�h�d�Z�e�b�[�j�h�\�d�b����
�k�j�_�^�k�l�\���b�a�f�_�j�_�g�b�c���i�j�b�\�h�^�y�l�k�y���\ �k�h�k�l�Z�\�_���i�j�b�e�h�`�_�g�b�c���d �h�l�q�_�l�g�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�� 

�I�h�\�_�j�d�Z���k�b�k�l�_�f���e�Z�a�_�j�g�h�]�h���k�d�Z�g�b�j�h�\�Z�g�b�y���h�k�m�s�_�k�l�\�e�y�_�l�k�y���\ �k�h�h�l�\�_�l�k�l�\�b�b���k 
�l�j�_�[�h�\�Z�g�b�y�f�b�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �a�Z�d�h�g�Z�� �‹ 102-�N�A�� �h�l�� �©�����ª�� �b�x�g�y�� �������� �]���� �©�H�[ 
�h�[�_�k�i�_�q�_�g�b�b���_�^�b�g�k�l�\�Z���b�a�f�_�j�_�g�b�c�ª [4]. 

�P�b�n�j�h�\�u�_�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�b�_�� �Z�w�j�h�n�h�l�h�d�Z�f�_�j�u�� �i�h�^�e�_�`�Z�l��
�n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c�� �d�Z�e�b�[�j�h�\�d�_ �>���@�� �k �i�_�j�b�h�^�b�q�g�h�k�l�v�x���� �j�_�d�h�f�_�g�^�m�_�f�h�c��
�b�a�]�h�l�h�\�b�l�_�e�_�f���� �b�e�b �m�d�Z�a�Z�g�g�h�c�� �\ �l�_�o�g�b�q�_�k�d�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b���� �Z �l�Z�d�`�_�� �\�h �\�k�_�o��
�k�e�m�q�Z�y�o�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �h�[�h�k�g�h�\�Z�g�g�h�c�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �i�j�h�\�_�j�d�b�� �g�_�b�a�f�_�g�g�h�k�l�b��
�a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\�� �n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c�� �d�Z�e�b�[�j�h�\�d�b���� �< �k�e�m�q�Z�_�� �h�l�k�m�l�k�l�\�b�y��
�l�Z�d�b�o�� �j�_�d�h�f�_�g�^�Z�p�b�c�� �\ �l�_�o�g�b�q�_�k�d�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b���� �i�_�j�b�h�^�b�q�g�h�k�l�v�� �d�Z�e�b�[�j�h�\�d�b��
�h�i�j�_�^�_�e�y�_�l�k�y���\�e�Z�^�_�e�v�p�_�f�����w�d�k�i�e�m�Z�l�Z�g�l�h�f�����Z�w�j�h�n�h�l�h�d�Z�f�_�j�u�����H�l�\�_�l�k�l�\�_�g�g�h�k�l�v���a�Z 
�^�h�k�l�h�\�_�j�g�h�k�l�v�� �i�Z�j�Z�f�_�l�j�h�\�� �d�Z�e�b�[�j�h�\�d�b�� �g�_�k�_�l�� �\�e�Z�^�_�e�_�p�� ���w�d�k�i�e�m�Z�l�Z�g�l����
�Z�w�j�h�n�h�l�h�d�Z�f�_�j�u�� 

�>�e�y �g�_�f�_�l�j�b�q�_�k�d�b�o�� �Z�w�j�h�n�h�l�h�d�Z�f�_�j�� �i�j�b �h�l�k�m�l�k�l�\�b�b�� �^�Z�g�g�u�o�� �a�Z�\�h�^�k�d�h�c��
�n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c�� �d�Z�e�b�[�j�h�\�d�b�� �b�e�b �^�Z�g�g�u�o�� �h �i�h�k�l�h�y�g�k�l�\�_�� �a�g�Z�q�_�g�b�c��
�w�e�_�f�_�g�l�h�\�� �\�g�m�l�j�_�g�g�_�]�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�b�y�� �^�h�i�m�k�d�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_��
�k�Z�f�h�d�Z�e�b�[�j�h�\�d�b���Z�w�j�h�n�h�l�h�d�Z�f�_�j�u�� 

�K�\�_�^�_�g�b�y���h �i�j�b�f�_�g�y�_�f�u�o���f�_�l�h�^�b�d�Z�o �>���@�����\���l���q�����b���j�Z�k�q�_�l�g�u�o�����i�j�b�\�h�^�y�l�k�y���\��
�l�_�d�k�l�h�\�h�c�� �q�Z�k�l�b�� �h�l�q�_�l�g�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b�� �\ �j�Z�a�^�_�e�_�� �©�F�_�l�h�^�b�d�Z�� �b �l�_�o�g�h�e�h�]�b�y��
�\�u�i�h�e�g�_�g�b�y���j�Z�[�h�l�ª���k �g�_�h�[�o�h�^�b�f�h�c���b �^�h�k�l�Z�l�h�q�g�h�c���i�h�^�j�h�[�g�h�k�l�v�x�����i�h�a�\�h�e�y�x�s�_�c��
�h�p�_�g�b�l�v�� �b�o �i�j�b�f�_�g�b�f�h�k�l�v�� �^�e�y �i�h�e�m�q�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�Z���� �m�^�h�\�e�_�l�\�h�j�y�x�s�_�]�h��
�m�k�l�Z�g�h�\�e�_�g�g�u�f�� �l�j�_�[�h�\�Z�g�b�y�f���� �>�h�i�m�k�d�Z�_�l�k�y�� �l�Z�d�`�_�� �i�j�b�\�h�^�b�l�v�� �k�k�u�e�d�b�� �g�Z 
�f�_�l�h�^�b�d�b���� �k�h�^�_�j�`�Z�s�b�_�k�y�� �\ �b�g�u�o�� �^�h�d�m�f�_�g�l�Z�o���� �B�g�u�_�� �^�h�d�m�f�_�g�l�u�� �k�e�_�^�m�_�l��
�i�j�b�\�h�^�b�l�v���\ �k�h�k�l�Z�\�_���i�j�b�e�h�`�_�g�b�c���d �h�l�q�_�l�g�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�� 

�K�\�_�^�_�g�b�y�� �h�[ �b�k�i�h�e�v�a�m�_�f�h�f�� �i�j�h�]�j�Z�f�f�g�h�f�� �h�[�_�k�i�_�q�_�g�b�b �>���@�� �i�j�b�\�h�^�y�l�k�y�� �\ 
�l�_�d�k�l�h�\�h�c�� �q�Z�k�l�b�� �h�l�q�_�l�g�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b�� �\ �j�Z�a�^�_�e�_�� �©�F�_�l�h�^�b�d�Z�� �b �l�_�o�g�h�e�h�]�b�y��
�\�u�i�h�e�g�_�g�b�y���j�Z�[�h�l�ª�� 

�< �l�_�o�g�b�q�_�k�d�h�f�� �j�_�]�e�Z�f�_�g�l�_�� �h �[�_�a�h�i�Z�k�g�h�k�l�b�� �a�^�Z�g�b�c�� �b �k�h�h�j�m�`�_�g�b�c [5] 
�h�^�g�h�a�g�Z�q�g�h�� �]�h�\�h�j�b�l�k�y�� �h �l�h�f���� �q�l�h �j�_�a�m�e�v�l�Z�l�u�� �b�g�`�_�g�_�j�g�u�o�� �b�a�u�k�d�Z�g�b�c�� �^�h�e�`�g�u��
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�[�u�l�v�� �^�h�k�l�h�\�_�j�g�u�f�b�� �b �^�h�k�l�Z�l�h�q�g�u�f�b�� �^�e�y �m�k�l�Z�g�h�\�e�_�g�b�y�� �i�j�h�_�d�l�g�u�o�� �a�g�Z�q�_�g�b�c��
�i�Z�j�Z�f�_�l�j�h�\�� �b �^�j�m�]�b�o�� �i�j�h�_�d�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �a�^�Z�g�b�y�� �b�e�b �k�h�h�j�m�`�_�g�b�y���� �Z 
�j�Z�k�q�_�l�g�u�_���^�Z�g�g�u�_�� �\ �k�h�k�l�Z�\�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���^�h�e�`�g�u���[�u�l�v��
�h�[�h�k�g�h�\�Z�g�u���e�b�p�h�f�����\�u�i�h�e�g�y�x�s�b�f���b�g�`�_�g�_�j�g�u�_���b�a�u�k�d�Z�g�b�y�� 

�K�h�h�l�\�_�l�k�l�\�b�_�� �i�j�h�_�d�l�g�u�o�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\�� �b �^�j�m�]�b�o�� �i�j�h�_�d�l�g�u�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���a�^�Z�g�b�y���b�e�b �k�h�h�j�m�`�_�g�b�y���l�j�_�[�h�\�Z�g�b�y�f���[�_�a�h�i�Z�k�g�h�k�l�b���^�h�e�`�g�u���[�u�l�v��
�h�[�h�k�g�h�\�Z�g�u�� �k�k�u�e�d�Z�f�b�� �g�Z �l�j�_�[�h�\�Z�g�b�y�� �l�_�o�g�b�q�_�k�d�h�]�h�� �j�_�]�e�Z�f�_�g�l�Z�� �b �k�k�u�e�d�Z�f�b�� �g�Z 
�l�j�_�[�h�\�Z�g�b�y�� �k�l�Z�g�^�Z�j�l�h�\�� �b �k�\�h�^�h�\�� �i�j�Z�\�b�e���� �\�d�e�x�q�_�g�g�u�o�� �\ �i�_�j�_�q�g�b���h�[�y�a�Z�l�_�e�v�g�h�]�h��
�b�e�b �^�h�[�j�h�\�h�e�v�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y���� �< �k�e�m�q�Z�_�� �h�l�k�m�l�k�l�\�b�y���m�d�Z�a�Z�g�g�u�o�� �l�j�_�[�h�\�Z�g�b�c��
�k�h�h�l�\�_�l�k�l�\�b�_�� �^�h�e�`�g�h�� �[�u�l�v�� �h�[�h�k�g�h�\�Z�g�h���� �\ �q�Z�k�l�g�h�k�l�b���� �j�Z�k�q�_�l�Z�f�b�� �b�e�b 
�b�k�i�u�l�Z�g�b�y�f�b���� �\�u�i�h�e�g�_�g�g�u�f�b�� �i�h �k�_�j�l�b�n�b�p�b�j�h�\�Z�g�g�u�f�� �b�e�b �Z�i�j�h�[�b�j�h�\�Z�g�g�u�f��
�b�g�u�f���k�i�h�k�h�[�h�f���f�_�l�h�^�b�d�Z�f�� 

�< �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �j�_�q�v�� �b�^�_�l�� �h �i�j�_�^�h�k�l�Z�\�e�_�g�b�b�� �\ �k�h�k�l�Z�\�_�� �i�j�b�e�h�`�_�g�b�c�� �d 
�h�l�q�_�l�g�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b�� �k�_�j�l�b�n�b�d�Z�l�Z�� �k�h�h�l�\�_�l�k�l�\�b�y [6�@�� �b�k�i�h�e�v�a�m�_�f�u�o��
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ON THE USE OF INNOVATIVE TECHNOLOGIES DURING 

ENGINEERING -GEODESIC SURVEYS 
 

Abstract. The article describes the requirements for the preparation of technical report based on the 
results of engineering-geodesic surveys obtained on the use of innovative technologies of digital 
aerial survey, photogrammetric processing of digital images, and laser scanning. 
Key words: engineering-geodesic surveys; innovative technologies; technical regulation; regulatory 
documentation; technical report. 
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ACTUALITY AND PROSPECTS OF USING ADVANCED TECHNOLOGIES 

IN GNSS RECEIVERS AND MOBILE LASER SCANNERS  
FOR ENGINEERING -GEODESIC SURVEYS 

 
Abstact. Surveying and mining equipment and software are improving every year. New solutions are 
being released which combine several technologies, thereby allowing more efficient use of time and 
human resources to perform a wide range of tasks. These trends are especially notable in new models 
of GNSS receivers and laser scanning systems. 
Key words: satellite navigation; laser scanning; SLAM; geospatial data; engineering-geodesic 
survey; mining survey; cadastral works. 
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�H�l�e�b�q�b�l�_�e�v�g�Z�y�� �h�k�h�[�_�g�g�h�k�l�v�� �w�l�b�o�� �w�d�\�b�\�Z�e�_�g�l�g�u�o�� �n�h�j�f�m�e�� �\�� �l�h�f���� �q�l�h��
�i�h�]�j�_�r�g�h�k�l�b���h�i�j�_�^�_�e�_�g�b�y���\�u�k�h�l���b���i�j�_�\�u�r�_�g�b�c���g�_���k�h�i�h�k�l�Z�\�b�f�u���a�Z���k�q�_�l���j�Z�a�e�b�q�b�c��
�i�j�b�� �g�Z�a�g�Z�q�_�g�b�b�� �\�_�k�Z�� �b�a�f�_�j�_�g�b�y���� �L�Z�d���� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�u�k�h�l�� ���b�e�b��
�\�u�q�b�k�e�_�g�g�u�o�� �\�_�j�l�b�d�Z�e�v�g�u�o�� �k�f�_�s�_�g�b�c�� �i�h�� �\�u�k�h�l�Z�f������ �i�h�e�m�q�_�g�g�u�_�� �a�g�Z�q�_�g�b�y��
�a�Z�\�b�k�y�l�� �h�l�� �m�k�l�h�c�q�b�\�h�k�l�b�� �h�i�h�j�g�h�c�� �k�_�l�b���� �I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �i�j�_�\�u�r�_�g�b�c����
�d�h�e�b�q�_�k�l�\�h���b�a�f�_�j�_�g�b�c���f�h�`�_�l���[�u�l�v���\�h���f�g�h�]�h���j�Z�a���f�_�g�v�r�_�����d�Z�d���k�h�h�l�\�_�l�k�l�\�_�g�g�h���b��
�i�h�]�j�_�r�g�h�k�l�v���b�o���b�a�f�_�j�_�g�b�y�� 

�>�e�y�� �i�h�y�k�g�_�g�b�y�� �i�h�d�Z�a�Z�g�� �i�j�b�f�_�j�� �\�� �\�b�^�_�� �]�j�Z�n�b�d�h�\�� �b�a�f�_�g�_�g�b�c�� �h�^�g�h�]�h��
�i�j�_�\�u�r�_�g�b�y���� �i�h�e�m�q�_�g�g�h�]�h�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�h�k�e�_�� �g�Z�[�e�x�^�_�g�b�y�� �b�� �i�h�k�e�_��
�m�j�Z�\�g�b�\�Z�g�b�y�����j�b�k������). 

�G�Z���j�b�k���� �� �i�j�b�\�_�^�_�g�u�� �]�j�Z�n�b�d�b�� �b�a�f�_�g�_�g�b�y�� �i�j�_�\�u�r�_�g�b�c�� �f�_�`�^�m�� �i�Z�j�h�c��
�k�h�k�_�^�g�b�o�� �f�Z�j�h�d���� �a�Z�e�h�`�_�g�g�u�o�� �\�� �n�m�g�^�Z�f�_�g�l�g�m�x�� �i�e�b�l�m���� �G�b�\�_�e�b�j�h�\�Z�g�b�_��
�\�u�i�h�e�g�y�e�h�k�v�� �\�� �i�_�j�b�h�^�� �k�l�j�h�b�l�_�e�v�k�l�\�Z�� �\�u�k�h�d�h�l�h�q�g�u�f�� �p�b�n�j�h�\�u�f�� �g�b�\�_�e�b�j�h�f�� �k��
�d�h�f�i�e�_�d�l�h�f���b�g�\�Z�j�g�u�o���d�h�^�h�\�u�o���j�_�_�d���k���q�Z�k�l�h�l�h�c�������j�Z�a���\���f�_�k�y�p�����A�^�_�k�v���`�_���g�Z���j�b�k������ 
�i�j�b�\�_�^�_�g�� �h�j�b�_�g�l�b�j�h�\�h�q�g�u�c�� �]�j�Z�n�b�d�� �a�Z�]�j�m�a�d�b�� �n�m�g�^�Z�f�_�g�l�g�h�c�� �i�e�b�l�u��
�g�Z�^�n�m�g�^�Z�f�_�g�l�g�u�f�b���i�h�k�l�j�h�c�d�Z�f�b���\���i�j�h�p�_�g�l�Z�o���h�l�g�h�k�b�l�_�e�v�g�h���i�h�e�g�h�]�h���i�j�h�_�d�l�g�h�]�h��
�\�_�k�Z���k�h�h�j�m�`�_�g�b�y�����i�j�b�g�y�l�h�]�h���i�j�b���i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� 
 

 
 

�J�b�k�����������=�j�Z�n�b�d���b�a�f�_�j�_�g�g�u�o���b���m�j�Z�\�g�_�g�g�u�o���i�j�_�\�u�r�_�g�b�c 
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�I�_�j�\�h�g�Z�q�Z�e�v�g�h�����p�b�d�e�u�����±�������k�o�_�f�Z���k�_�l�b���[�u�e�Z���i�j�h�k�l�_�c�r�_�c�����\�d�e�x�q�Z�y���\���k�_�[�y��
������ �^�_�n�h�j�f�Z�p�b�h�g�g�u�o�� �f�Z�j�h�d���� �j�Z�a�f�_�s�_�g�g�u�o�� �g�Z�� �i�j�y�f�h�m�]�h�e�v�g�h�c�� �n�m�g�^�Z�f�_�g�l�g�h�c��
�i�e�b�l�_�� �j�Z�a�f�_�j�Z�f�b�� �����u������ �f�� �b�� �h�[�t�_�^�b�g�_�g�g�u�o�� �g�b�\�_�e�b�j�g�u�f�b�� �o�h�^�Z�f�b�� �\�� �\�b�^�_��
�a�Z�f�d�g�m�l�h�]�h���i�h�e�b�]�h�g�Z���b�a���������r�l�Z�l�b�\�h�\�����F�_�`�^�m���k�h�k�_�^�g�b�f�b���f�Z�j�d�Z�f�b���[�u�e�Z���i�j�y�f�Z�y��
�\�b�^�b�f�h�k�l�v���� �<�� �p�b�d�e�Z�o�� ���±���� �[�u�e�b�� �q�Z�k�l�b�q�g�h�� �\�h�a�\�_�^�_�g�u�� �g�Z�^�n�m�g�^�Z�f�_�g�l�g�u�_��
�k�l�j�h�b�l�_�e�v�g�u�_���d�h�g�k�l�j�m�d�p�b�b���b���i�h�w�l�h�f�m�����i�j�b���g�b�\�_�e�b�j�h�\�Z�g�b�b���k�o�_�f�Z���\�d�e�x�q�Z�e�Z���\���k�_�[�y��
�m�`�_�� ���� �i�h�e�b�]�h�g�Z���� �j�Z�a�\�b�l�u�o�� �b�a-�a�Z�� �n�j�Z�]�f�_�g�l�Z�j�g�h�]�h�� �h�l�k�m�l�k�l�\�b�y�� �\�b�^�b�f�h�k�l�b�� �f�_�`�^�m��
�f�Z�j�d�Z�f�b�����<���p�b�d�e�Z�o�����±���������k�f. �j�b�k�����������d�h�e�b�q�_�k�l�\�h���i�h�e�b�]�h�g�h�\���m�`�_���k�l�Z�e�h���j�Z�\�g�h������ 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �w�l�b�o���� �]�j�Z�n�b�d�h�\�� �[�h�e�_�_�� �k�l�Z�[�b�e�v�g�u�f�� �y�\�e�y�_�l�k�y�� �]�j�Z�n�b�d��
�b�a�f�_�j�_�g�g�u�o�� �i�j�_�\�u�r�_�g�b�c���� �I�j�b�q�b�g�Z�� �w�l�h�]�h���� �i�j�_�`�^�_�� �\�k�_�]�h�� �k�\�y�a�Z�g�Z�� �k�� �b�a�f�_�g�_�g�b�_�f��
�d�h�g�n�b�]�m�j�Z�p�b�b���g�b�\�_�e�b�j�g�u�o���o�h�^�h�\�����Z���l�Z�d�`�_���m�\�_�e�b�q�_�g�b�_�f���q�b�k�e�Z���r�l�Z�l�b�\�h�\���\���g�b�o�� 

�Q�l�h�[�u�� �h�p�_�g�b�l�v�� �\�e�b�y�g�b�_�� �\�_�k�Z�� �a�Z�]�j�m�a�d�b�� �\�� �l�Z�[�e�b�p�_���i�j�b�\�_�^�_�g�u�� �k�d�h�j�h�k�l�b��
�g�Z�d�h�i�e�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �j�Z�a�g�h�k�l�b�� �h�k�Z�^�d�b�� �i�Z�j�u�� �f�Z�j�h�d���� �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �g�Z��
�j�Z�k�k�l�h�y�g�b�b�������������f���^�j�m�]���h�l���^�j�m�]�Z�� 
 

�L�Z�[�e�b�p�Z 
�:�g�Z�e�b�a���k�l�Z�[�b�e�v�g�h�k�l�b���b�a�f�_�g�_�g�b�c���\�h���\�j�_�f�_�g�b���i�Z�j�Z�f�_�l�j�h�\���^�_�n�h�j�f�Z�p�b�c�����h�i�j�_�^�_�e�_�g�g�u�o��

�]�_�h�^�_�a�b�q�_�k�d�b�f�b���f�_�l�h�^�Z�f�b 
 

�G�h�f�_�j��
�p�b�d�e�Z 

�>�Z�l�Z��
�p�b�d�e�Z 

�A�Z�]�j�m�a�d�Z��
�\���� 

�I�j�_�\�u�r�_�g�b�_�����f�f 
�H�l�g�h�k�b�l�_�e�v�g�Z�y��

�j�Z�a�g�h�k�l�v���h�k�Z�^�d�h�\�����f�f���f 
�K�d�h�j�h�k�l�v�����f�f���f���\���]�h�^��

���^�_�l�_�j�f�b�g�Z�p�b�y��R2) 
�b�a�f�_�j�_�g-

�g�h�_ 
�m�j�Z�\-

�g�_�g�g�h�_ 
�b�a�f�_�j�_�g-

�g�Z�y 
�m�j�Z�\-

�g�_�g�g�Z�y 
�b�a�f�_�j�_�g-

�g�Z�y 
�m�j�Z�\-

�g�_�g�g�Z�y 
1 09.2021 0,8% 0,0 0,0 0,0 0,0 

V�û = 0,57 
(R2 = 

0,9643) 

V�û = 0,57 
(R2 = 

096430 

2 10.2021 0,8% �Å0,5 �Å0,5 0,0 0,0 
3 11.2021 0,8% �Å1,5 �Å1,5 �Å0,1 �Å0,1 
�k�j�_�^�g�_�_���i�h���w�l�Z�i�m���� 0,7 0,7 �û�k�j = 0,04 �û�k�j = 0,04 

4 12.2021 14,0% �Å15,5 �Å13,0 �Å1,0 �Å0,8 

V�û = 1,74 
(R2 = 

0,9671) 

V�û = -1,36 
(R2 = 

0,3333) 

5 01.2022 15,0% �Å18,5 �Å22,0 �Å1,2 �Å1,4 
6 02.0222 15,0% �Å19,0 �Å17,0 �Å1,2 �Å1,1 
7 03.2022 15,5% �Å22,5 �Å26,0 �Å1,4 �Å1,6 
8 04.2022 17,0% �Å25,0 �Å20,0 �Å1,6 �Å1,3 
�k�j�_�^�g�_�_���i�h���w�l�Z�i�m���� -20,1 -19,6 �û�k�j = 1,27 �û�k�j = 1,23 

9 05.2022 26,0% �Å39,5 �Å37,0 �Å2,5 �Å2,3 
V�û = 2,89 

(R2 = 
0,9677) 

V�û = 2,05 
(R2 = 

0,5299) 

10 06.2022 28,0% �Å42,0 �Å47,0 �Å2,7 �Å3,0 
11 07.2022 28,0% �Å46,5 �Å41,0 �Å2,9 �Å2,6 
12 08.2022 30,0% �Å50,7 �Å48,0 �Å3,2 �Å3,0 

�k�j�_�^�g�_�_���i�h���w�l�Z�i�m���� �Å44,7 �Å43,3 �û�k�j = 2,83 �û�k�j = 2,74 
�I�j�b�f�_�q�Z�g�b�_����R2 �± �d�h�w�n�n�b�p�b�_�g�l�� �^�_�l�_�j�f�b�g�Z�p�b�b, �i�h�e�m�q�_�g�g�h�c�� �i�j�b�� �e�b�g�_�c�g�h�c�� �Z�i�i�j�h�d�k�b�f�Z�p�b�b����
V�û �± �k�d�h�j�h�k�l�v�� �g�Z�d�h�i�e�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �j�Z�a�g�h�k�l�b�� �h�k�Z�^�d�b���� �h�i�j�_�^�_�e�_�g�g�Z�y�� �i�m�l�_�f�� �e�b�g�_�c�g�h�c��
�Z�i�i�j�h�d�k�b�f�Z�p�b�b���i�h���i�_�j�b�h�^�Z�f���a�Z�]�j�m�a�d�b�����û�k�j �± �k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_���h�l�g�h�k�b�l�_�e�v�g�h�c���j�Z�a�g�h�k�l�b���h�k�Z�^�d�b��
�i�h���i�_�j�b�h�^�Z�f���a�Z�]�j�m�a�d�b�� 

 
�<���l�Z�[�e�b�p�_ �k�e�_�^�m�_�l���h�[�j�Z�l�b�l�v���\�g�b�f�Z�g�b�_���g�Z���d�h�w�n�n�b�p�b�_�g�l�u���^�_�l�_�j�f�b�g�Z�p�b�b��R2, 

�i�h�e�m�q�_�g�g�u�_�� �i�j�b�� �h�i�j�_�^�_�e�_�g�b�b�� �k�d�h�j�h�k�l�b�� �g�Z�d�h�i�e�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �j�Z�a�g�h�k�l�b��
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�h�k�Z�^�d�b�� �i�h�� �i�_�j�b�h�^�Z�f�� �a�Z�]�j�m�a�d�b���� �I�h�e�m�q�_�g�g�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �k�m�s�_�k�l�\�_�g�g�h��
�h�l�e�b�q�Z�x�l�k�y�� �^�j�m�]�� �h�l�� �^�j�m�]�Z���� �G�Z�i�j�b�f�_�j���� �g�Z�� �w�l�Z�i�_�� ���� ���k�� �^�_�d�Z�[�j�y�� ���������� �i�h�� �Z�i�j�_�e�v��
2022 �]�]�������k�d�h�j�h�k�l�v���g�Z�d�h�i�e�_�g�b�y���h�l�g�h�k�b�l�_�e�v�g�h�c���j�Z�a�g�h�k�l�b���h�k�Z�^�d�b�����h�i�j�_�^�_�e�_�g�g�Z�y���i�h��
�b�a�f�_�j�_�g�g�u�f�� �i�j�_�\�u�r�_�g�b�y�f���� �k�h�k�l�Z�\�e�y�_�l�� ���������� �f�f���f�� �\�� �]�h�^�� �k��R2 = ���������������� �H�^�g�Z�d�h��
�k�d�h�j�h�k�l�v���� �i�h�e�m�q�_�g�g�Z�y�� �b�a�� �h�l�g�h�r�_�g�b�y�� �j�Z�a�g�h�k�l�b�� �\�u�k�h�l�� �d�� �j�Z�k�k�l�h�y�g�b�x���� �k�h�k�l�Z�\�e�y�_�l��
���������� �f�f���f�� �\�� �]�h�^�� �k��R2 = ���������������� �I�j�b�\�_�^�_�g�g�u�_�� �j�Z�a�g�h�q�l�_�g�b�y�� �k�\�y�a�Z�g�u�� �k�� �l�_�f���� �q�l�h��
�b�a�f�_�g�b�e�h�k�v���k�Z�f�h���a�g�Z�q�_�g�b�_���i�j�_�\�u�r�_�g�b�c���a�Z���k�q�_�l���\�\�h�^�Z���i�h�i�j�Z�\�h�d���i�j�b���m�j�Z�\�g�b�\�Z�g�b�b����
�K�Z�f�b�� �a�g�Z�q�_�g�b�y�� �b�� �k�h�h�l�g�h�r�_�g�b�y�� �i�h�e�m�q�_�g�g�u�o�� �k�d�h�j�h�k�l�_�c�� �b�� �d�h�w�n�n�b�p�b�_�g�l�h�\��
�^�_�l�_�j�f�b�g�Z�p�b�b�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �l�h�f���� �q�l�h�� �i�j�h�p�_�^�m�j�Z�� �m�j�Z�\�g�b�\�Z�g�b�y��
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ON ERRORS IN ESTIMATING THE PARAMETERS OF DEFORMATIONS 
OF BUILDINGS BY GEODETIC METHODS  

 
Abstract. The issues of geodetic monitoring of industrial and civil buildings are considered. It is 
shown that, under construction conditions, complex production conditions, as well as with large 
volumes of observations, the methods for calculating the parameters of deformations based on 
geodetic measurements can be significantly simplified without loss of reliability and even refined due 
to the use of equivalent formulas. 
Key words: deformations; leveling; geodetic networks; stability; reference sign; excess. 
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�n�h�l�h�d�Z�f�_�j�u���&�D�Q�R�Q���3�R�Z�H�U�6�K�R�W���6�;���������+�6���b���k���[�_�k�i�b�e�h�l�g�h�_���\�h�a�^�m�r�g�h�_���k�m�^�g�h�����;�<�K����
DJI Phantom 4 Pro V2.0. 
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�K�D�H�����f 

�K�_�\�_�j�g�u�c���n�Z�k�Z�^ 6 0,006 
�X�`�g�u�c���n�Z�k�Z�^ 6 0,005 
�A�Z�i�Z�^�g�u�c���n�Z�k�Z�^ 4 0,004 
�I�h�f�_�s�_�g�b�_���‹�� 7 0,006 
�I�h�f�_�s�_�g�b�_���‹�� 6 0,004 
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�y�\�e�y�\�r�b�_�k�y�� �h�k�g�h�\�g�u�f�b�� �q�Z�k�l�y�f�b�� �a�^�Z�g�b�y���� �<�j�m�q�g�m�x�� �[�u�e�b�� �m�^�Z�e�_�g�u�� �l�h�q�d�b����
�g�Z�c�^�_�g�g�u�_�� �i�j�h�]�j�Z�f�f�g�u�f�� �Z�e�]�h�j�b�l�f�h�f�� �g�Z�� �k�g�_�]�m���� �^�_�j�_�\�y�g�g�u�o�� �i�h�^�^�_�j�`�b�\�Z�x�s�b�o��
�d�h�g�k�l�j�m�d�p�b�y�o�� �b�� �k�l�j�h�b�l�_�e�v�g�h�f�� �f�m�k�h�j�_�� �b�� �f�_�r�Z�x�s�b�_�� �^�Z�e�v�g�_�c�r�_�f�m�� �Z�g�Z�e�b�a�m��
�d�b�j�i�b�q�g�h�c���d�e�Z�^�d�b�� 

�K�t�_�f�d�b�� �i�j�h�\�h�^�b�e�b�k�v�� �\�� �^�\�Z�� �w�l�Z�i�Z: �\�� �g�Z�q�Z�e�_�� �g�h�y�[�j�y�� �k�� �a�_�f�e�b�� �b�� �\�� �k�_�j�_�^�b�g�_��
�^�_�d�Z�[�j�y�� �k�� �\�h�a�^�m�o�Z���� �W�l�h�� �k�l�Z�e�h�� �i�j�b�q�b�g�h�c�� �i�h�y�\�e�_�g�b�y�� �g�Z�� �^�_�d�Z�[�j�v�k�d�b�o�� �k�g�b�f�d�Z�o��
�^�h�i�h�e�g�b�l�_�e�v�g�u�o���g�_�k�h�\�_�j�r�_�g�k�l�\���f�h�^�_�e�b���\���\�b�^�_���k�g�_�]�Z���g�Z���d�b�j�i�b�q�Z�o���k�l�_�g�����>�e�y���l�h�]�h��
�q�l�h�[�u���m�^�Z�e�b�l�v���k�g�_�]���k���f�h�^�_�e�b�����i�j�b�f�_�g�y�e�Z�k�v �f�_�l�h�^�b�d�Z���g�Z�e�h�`�_�g�b�y���f�Z�k�h�d���g�Z���h�[�e�Z�k�l�b��
�k�h�� �k�g�_�]�h�f���� �W�l�h�l�� �i�j�h�p�_�k�k�� �m�^�Z�e�h�k�v�� �h�k�m�s�_�k�l�\�b�l�v�� �[�e�Z�]�h�^�Z�j�y�� �g�Z�e�b�q�b�x�� �b�a�h�[�j�Z�`�_�g�b�c��
�[�_�a���k�g�_�]�Z�����>�Z�e�_�_���i�j�h�b�a�\�h�^�b�e�h�k�v���h�[�t�_�^�b�g�_�g�b�_���h�[�e�Z�d�h�\���\���_�^�b�g�m�x���f�h�^�_�e�v���a�^�Z�g�b�y�� 

 
�B�g�l�_�]�j�Z�p�b�y���Z�j�o�b�\�g�u�o���e�x�[�b�l�_�e�v�k�d�b�o���k�g�b�f�d�h�\���\���f�h�^�_�e�v 

 
�<���Z�\�l�h�j�k�d�h�f���j�Z�k�i�h�j�y�`�_�g�b�b���b�f�_�e�b�k�v���b�a�h�[�j�Z�`�_�g�b�y���k�h�k�l�h�y�g�b�y���a�^�Z�g�b�y���b���_�]�h��

�q�Z�k�l�_�c�� �g�Z�� ���������� �]���� �;�u�e�h�� �g�_�h�[�o�h�^�b�f�h�� �i�h�^�h�[�j�Z�l�v�� �l�Z�d�b�_�� �i�_�j�_�d�j�u�\�Z�x�s�b�_�k�y��
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�n�h�l�h�]�j�Z�n�b�b���� �q�l�h�[�u�� �g�Z�� �g�b�o�� �h�l�h�[�j�Z�`�Z�e�b�k�v�� �m�l�j�Z�q�_�g�g�u�_�� �n�j�Z�]�f�_�g�l�u�� �a�^�Z�g�b�c����
�H�l�h�[�j�Z�g�h�� ������ �n�h�l�h�]�j�Z�n�b�c�� �_�s�_�� �g�_�� �a�Z�d�h�e�h�q�_�g�g�h�]�h�� �h�d�g�Z�� �k�_�\�_�j�g�h�c�� �k�l�_�g�u�� �b��
16 �n�h�l�h�]�j�Z�n�b�c�� �i�j�h�o�h�^�Z�� �f�_�`�^�m�� �i�h�f�_�s�_�g�b�y�f�b���� �B�a�� �g�b�o�� ������ �k�g�b�f�d�h�\�� �[�u�e�b��
�\�u�i�h�e�g�_�g�u���\���e�_�l�g�b�c���k�_�a�h�g���b���r�_�k�l�v���± �\���a�b�f�g�b�c�� 

�I�h���g�Z�c�^�_�g�g�u�f���k�g�b�f�d�Z�f���l�Z�d�`�_���[�u�e�b���i�h�k�l�j�h�_�g�u���i�e�h�l�g�u�_���h�[�e�Z�d�Z���l�h�q�_�d���g�Z��
�n�j�Z�]�f�_�g�l�u�� �m�l�j�Z�q�_�g�g�u�o�� �n�Z�k�Z�^�h�\���� �d�h�l�h�j�u�_�� �a�Z�l�_�f�� �[�u�e�b�� �b�g�l�_�]�j�b�j�h�\�Z�g�u�� �\�� �f�h�^�_�e�v��
�a�^�Z�g�b�y���i�h���h�[�s�b�f���l�h�q�d�Z�f�����j�b�k�� ���������J�_�^�Z�d�l�b�j�h�\�Z�g�b�_���Z�j�o�b�\�g�u�o���h�[�e�Z�d�h�\���i�j�h�o�h�^�b�e�h��
�i�h���Z�g�Z�e�h�]�b�b���k���j�_�^�Z�d�l�b�j�h�\�Z�g�b�_�f���h�[�e�Z�d�Z���l�h�q�_�d���i�h���k�h�\�j�_�f�_�g�g�h�c���k�t�_�f�d�_�� 
 

 
 

�J�b�k�����������K�o�_�f�Z���j�Z�a�f�_�s�_�g�b�y���k�\�y�a�m�x�s�b�o���l�h�q�_�d���g�Z���j�Z�a�g�h�\�j�_�f�_�g�g�u�o���k�g�b�f�d�Z�o 
 

�>�e�y�� �b�g�l�_�]�j�Z�p�b�b�� �\�� �h�k�g�h�\�g�m�x�� �f�h�^�_�e�v�� �Z�j�o�b�\�g�h�]�h�� �h�[�e�Z�d�Z�� �[�u�e�Z�� �i�j�h�b�a�\�_�^�_�g�Z��
�i�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y�� �i�h�^�]�h�l�h�\�d�Z���� �d�h�l�h�j�Z�y�� �\�d�e�x�q�Z�e�Z�� �m�^�Z�e�_�g�b�_�� �j�Z�a�j�m�r�_�g�g�u�o��
�n�j�Z�]�f�_�g�l�h�\�� �b�a�� �Z�d�l�m�Z�e�v�g�h�]�h�� �h�[�e�Z�d�Z�� �l�h�q�_�d���� �G�Z�� �k�g�b�f�d�Z�o�� �[�u�e�b�� �\�u�^�_�e�_�g�u�� �f�Z�k�d�h�c��
�q�Z�k�l�b�����\���d�h�l�h�j�u�_���i�j�_�^�i�h�e�Z�]�Z�e�h�k�v���j�Z�a�f�_�k�l�b�l�v���Z�j�o�b�\�g�u�_ �q�Z�k�l�b�����i�h�k�e�_���q�_�]�h���h�[�e�Z�d�h��
�[�u�e�h�� �i�_�j�_�k�l�j�h�_�g�h���� �A�Z�l�_�f�� �k�e�_�^�h�\�Z�e�� �i�j�h�p�_�k�k�� �h�[�t�_�^�_�g�b�y�� �h�[�e�Z�d�h�\�� �i�h�� �h�i�h�j�g�u�f�� �b��
�k�\�y�a�m�x�s�b�f�� �l�h�q�d�Z�f���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �i�h�e�m�q�b�e�h�k�v�� �Z�d�l�m�Z�e�v�g�h�_�� �i�e�h�l�g�h�_�� �h�[�e�Z�d�h�� �k�h��
�\�k�l�j�h�_�g�g�u�f�b���j�_�l�j�h���f�h�^�_�e�y�f�b�� 

 
�K�h�a�^�Z�g�b�_���\�_�d�l�h�j�g�h�c���l�j�_�o�f�_�j�g�h�c���f�h�^�_�e�b���\���i�j�h�]�j�Z�f�f�_���$�X�W�R�G�H�V�N���5evit 

 
�I�h�e�m�q�_�g�g�h�_���i�e�h�l�g�h�_���h�[�e�Z�d�h���l�h�q�_�d���[�u�e�h���w�d�k�i�h�j�l�b�j�h�\�Z�g�h���\���n�h�j�f�Z�l���
���_���� �b��

�k�� �i�h�f�h�s�v�x�� �i�j�h�]�j�Z�f�f�u�� �$�X�W�R�G�H�V�N��ReCap �>�����@�� �d�h�g�\�_�j�l�b�j�h�\�Z�g�h�� �\�� �n�h�j�f�Z�l��*.rps, 
�d�h�l�h�j�u�c���k�h�h�l�\�_�l�k�l�\�m�_�l���l�j�_�[�h�\�Z�g�b�y�f���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y���$�X�W�R�G�H�V�N���5�H�Y�L�W��
[2, 11]. 
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�< �i�j�h�]�j�Z�f�f�g�h�f  �h�[�_�k�i�_�q�_�g�b�b Autodesk Revit �[�u�e�Z���k�h�a�^�Z�g�Z���]�j�Z�g�b�p�Z��3D �\�b�^�Z����
�d�h�l�h�j�Z�y�� �i�h�a�\�h�e�b�e�Z�� �g�_�� �l�h�e�v�d�h�� �j�Z�k�i�j�_�^�_�e�b�l�v�� �\�k�_�� �m�j�h�\�g�b�� �j�Z�\�g�h�f�_�j�g�h���� �g�h�� �b�� �i�j�b��
�k�h�a�^�Z�g�b�b�� �q�_�j�l�_�`�Z���� �k�d�j�u�\�Z�l�v�� �f�_�r�Z�x�s�b�_�� �w�e�_�f�_�g�l�u�� �a�^�Z�g�b�y���� �>�Z�e�_�_��
�m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v�� �i�Z�j�Z�f�_�l�j�u�� �m�j�h�\�g�_�c���� �d�h�l�h�j�u�_�� �i�h�a�\�h�e�b�e�b�� �d�h�j�j�_�d�l�g�h�� �i�h�k�l�j�h�b�l�v��
�d�h�g�k�l�j�m�d�p�b�x���[�_�a���h�r�b�[�h�d���\���\�u�k�h�l�_�� 

�K�e�_�^�m�x�s�b�f�� �r�Z�]�h�f�� �i�j�h�b�k�o�h�^�b�e�� �i�j�h�p�_�k�k�� �h�l�j�b�k�h�\�d�b�� �k�l�_�g�� �d�h�g�k�l�j�m�d�p�b�b����
�l�h�e�s�b�g�Z�� �d�h�l�h�j�u�o�� �h�i�j�_�^�_�e�y�e�Z�k�v�� �i�h�� �i�e�h�l�g�h�f�m�� �h�[�e�Z�d�m���� �>�Z�e�_�_�� �[�u�e�b�� �\�u�q�_�j�q�_�g�u��
�w�e�_�f�_�g�l�u���d�j�u�r�b���a�^�Z�g�b�y�����L�Z�d���d�Z�d���d�j�u�r�Z���b�f�_�e�Z���j�Z�a�g�u�c���g�Z�d�e�h�g���i�h���h�[�_�b�f���k�d�Z�l�Z�f����
�[�u�e�b���m�k�l�Z�g�h�\�e�_�g�u���g�Z�i�j�Z�\�e�_�g�b�y���^�e�y���d�Z�`�^�h�]�h���k�j�_�a�Z�� 

�A�Z�d�e�x�q�b�l�_�e�v�g�u�f�� �w�l�Z�i�h�f�� �y�\�e�y�e�h�k�v�� �k�h�a�^�Z�g�b�_�� �q�_�j�l�_�`�Z�� �h�k�l�Z�l�d�h�\�� �k�\�h�^�h�\�� �\��
�i�h�f�_�s�_�g�b�b�� �‹ ������ �W�l�h�� �[�u�e�h�� �k�^�_�e�Z�g�h�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �[�u�e�Z�� �g�Z�j�b�k�h�\�Z�g�Z��
�]�_�h�f�_�l�j�b�q�_�k�d�b�� �i�j�Z�\�b�e�v�g�Z�y�� �n�h�j�f�Z�� �k�\�h�^�Z���� �d�h�l�h�j�Z�y�� �a�Z�l�_�f�� �[�u�e�Z�� �i�j�b�\�_�^�_�g�Z�� �\��
�k�h�h�l�\�_�l�k�l�\�b�_�� �k�� �n�h�j�f�h�c�� �j�Z�a�j�m�r�_�g�g�h�]�h�� �n�j�Z�]�f�_�g�l�Z���� �q�l�h�� �i�h�a�\�h�e�b�e�h�� �m�^�Z�e�b�l�v��
�n�Z�d�l�b�q�_�k�d�b�� �h�l�k�m�l�k�l�\�m�x�s�b�_�� �^�_�l�Z�e�b���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �[�u�e�Z�� �i�h�e�m�q�_�g�Z�� �\�_�d�l�h�j�g�Z�y��
�l�j�_�o�f�_�j�g�Z�y���f�h�^�_�e�v�����i�j�_�^�k�l�Z�\�e�_�g�g�Z�y���g�Z���j�b�k�� 4. 
 

 
 

�J�b�k�� �������<�_�d�l�h�j�g�Z�y����D �f�h�^�_�e�v 
 

�A�Z�d�e�x�q�_�g�b�_ 
 

�I�j�_�^�k�l�Z�\�e�_�g�g�Z�y�� �\�� �j�Z�[�h�l�_�� �l�_�o�g�h�e�h�]�b�y�� �k�h�\�f�_�k�l�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��
�k�h�\�j�_�f�_�g�g�u�o�� �b�� �Z�j�o�b�\�g�u�o�� �k�g�b�f�d�h�\�� �i�h�a�\�h�e�b�e�Z�� �j�_�d�h�g�k�l�j�m�b�j�h�\�Z�l�v�� �q�Z�k�l�b�� �n�Z�k�Z�^�Z��
�a�^�Z�g�b�y�����d�h�l�h�j�u�_���g�Z���^�Z�g�g�u�c���f�h�f�_�g�l���g�_�^�h�k�l�m�i�g�u���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�y�����a�Z�d�h�e�h�q�_�g�u����
�\���Z�\�Z�j�b�c�g�h�f���k�h�k�l�h�y�g�b�b�������>�e�y���i�h�e�m�q�_�g�b�y���k�h�\�j�_�f�_�g�g�h�c���f�h�^�_�e�b���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���d�Z�d��
�g�Z�a�_�f�g�Z�y�����l�Z�d���b���\�h�a�^�m�r�g�Z�y���n�h�l�h�k�t�_�f�d�Z�� 

�L�h�q�g�h�k�l�v�� �i�h�e�m�q�_�g�g�h�c�� �f�h�^�_�e�b�� �i�h�a�\�h�e�y�_�l�� �k�h�a�^�Z�\�Z�l�v�� �q�_�j�l�_�`�b���f�Z�k�r�l�Z�[�Z 
1:100. 
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MODEL LING OF PARTIALLY DESTROYED ARCHITECTURAL 

OBJECTS BASED ON THE MATERIALS OF GROUND AND AERIAL 
PHOTOGRAPHY AND AMATEUR IMAGES  

 
Abstract. There is a large number of unique architectural monuments on the territory of Russia, 
which are located in small towns or in abandoned villages. Preserving and documenting the current 
appearance of abandoned architectural masterpieces is the key to their successful restoration by future 
restorers. The paper presents the results of the work devoted to documenting abandoned architectural 
monuments by means of architectural photogrammetry, combining the use of modern ground and 
aerial photographs with amateur archival images. The object of the study was the architectural object 
�R�I���W�K�H���;�9�,�,�,���F�H�Q�W�X�U�\���³�6�W�U�R�J�D�Q�R�Y���V�D�O�W���E�D�U�Q�´�����$���F�R�P�E�L�Q�D�W�L�R�Q���R�I���J�U�R�X�Q�G���D�Q�G���D�H�U�L�D�O���S�K�R�W�R�J�U�D�S�K�\���I�U�R�P��
an unmanned aircraft used to obtain a modern model of facades and interiors. Amateur photographs 
were used to reconstruct the lost elements. The accuracy of the resulting model allows you to create 
drawings at a scale of 1:100. 
Key words: photogrammetry; architecture; model; modelling; aerial photography; reconstruction; 
unmanned aerial vehicle (UAV). 
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�i�j�h�r�_�^�r�b�o���i�j�Z�d�l�b�d���_�_���e�m�q�r�_���g�Z�a�\�Z�l�v���m�q�_�[�g�h-�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c�����i�h�k�d�h�e�v�d�m���g�Z�^�h��
�i�j�b�a�g�Z�l�v���� �q�l�h�� �i�j�b�� �i�h�^�]�h�l�h�\�d�_�� �[�Z�d�Z�e�Z�\�j�h�\�� �k�m�s�_�k�l�\�_�g�g�h�� �k�h�d�j�Z�l�b�e�h�k�v�� �\�j�_�f�y����
�\�u�^�_�e�y�_�f�h�_�� �g�Z�� �i�j�Z�d�l�b�q�_�k�d�b�_�� �a�Z�g�y�l�b�y�� �\�� �i�h�e�_�\�u�o�� �m�k�e�h�\�b�y�o���� �K�l�m�^�_�g�l�u�� �i�h�k�e�_�� �,�,�,��
�d�m�j�k�Z�� �g�_�� �]�h�l�h�\�u�� �d�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�f�m�� �\�u�i�h�e�g�_�g�b�x�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �a�Z�^�Z�g�b�c����
�b�f�� �g�_�h�[�o�h�^�b�f�h�� �i�j�b�\�b�l�v�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�_�� �g�Z�\�u�d�b���� �H�l��
�i�j�_�^�k�l�Z�\�b�l�_�e�_�c�� �j�Z�a�e�b�q�g�u�o�� �d�h�f�i�Z�g�b�c�� �i�h�k�l�m�i�Z�_�l�� �b�g�n�h�j�f�Z�p�b�y���� �q�l�h�� �i�h�^�h�[�g�m�x��
�d�h�f�i�e�_�d�k�g�m�x�� �i�j�Z�d�l�b�d�m�� �k�e�_�^�m�_�l�� �k�^�_�e�Z�l�v�� �h�[�y�a�Z�l�_�e�v�g�h�c���� �i�h�k�d�h�e�v�d�m�� �l�_��
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�d�h�f�i�_�l�_�g�p�b�b���� �d�h�l�h�j�u�_�� �k�l�m�^�_�g�l�u�� �i�h�e�m�q�Z�x�l�� �g�Z�� �^�Z�g�g�h�c�� �i�j�Z�d�l�b�d�_���� �\�_�k�v�f�Z��
�\�h�k�l�j�_�[�h�\�Z�g�u�� �\�� �l�h�i�h�]�j�Z�n�h-�]�_�h�^�_�a�b�q�_�k�d�h�f�� �i�j�h�b�a�\�h�^�k�l�\�_���� �<�Z�`�g�u�f�� �w�e�_�f�_�g�l�h�f��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c�� �i�j�Z�d�l�b�d�b�� �y�\�e�y�_�l�k�y�� �_�_�� �g�Z�q�Z�e�v�g�Z�y�� �n�Z�a�Z���� �d�h�l�h�j�Z�y�� �g�Z�a�u�\�Z�l�k�y��
�©�h�[�k�e�_�^�h�\�Z�g�b�_���b���\�h�k�k�l�Z�g�h�\�e�_�g�b�_���i�m�g�d�l�h�\���]�_�h�^�_�a�b�q�_�k�d�h�c���k�_�l�b���b���f�Z�j�d�b�j�h�\�Z�g�g�u�o��
�h�i�h�a�g�Z�d�h�\�ª�����<���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���g�Z���l�_�j�j�b�l�h�j�b�b���i�e�h�s�Z�^�v�x���������d�f2 �\�h�k�k�l�Z�g�h�\�e�_�g�h��
�b���i�h�^�^�_�j�`�b�\�Z�_�l�k�y���������i�m�g�d�l�Z���]�_�h�^�_�a�b�q�_�k�d�h�c���k�_�l�b���i�h�k�l�h�y�g�g�h�]�h���a�Z�e�h�`�_�g�b�y�����i�m�g�d�l�u��
�l�j�b�Z�g�]�m�e�y�p�b�b�� �b�� �i�h�e�b�]�h�g�h�f�_�l�j�b�b������ �d�h�l�h�j�u�_�� �d�h�]�^�Z-�l�h�� �[�u�e�b�� �m�k�l�Z�g�h�\�e�_�g�u�� �^�e�y��
�i�j�h�\�_�^�_�g�b�y �m�q�_�[�g�u�o�� �i�j�Z�d�l�b�d�� �i�h�� �\�u�k�r�_�c�� �]�_�h�^�_�a�b�b���� �i�j�b�d�e�Z�^�g�h�c�� �]�_�h�^�_�a�b�b�� �b��
�]�_�h�^�_�a�b�b���� �<�� ���������� �]���� �d�h�h�j�^�b�g�Z�l�u�� �\�k�_�o�� �w�l�b�o�� �i�m�g�d�l�h�\�� �[�u�e�b�� �h�i�j�_�^�_�e�_�g�u�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���=�G�K�K-�h�[�h�j�m�^�h�\�Z�g�b�y���b���i�j�b�\�_�^�_�g�u���\���_�^�b�g�m�x���k�b�k�l�_�f�m���d�h�h�j�^�b�g�Z�l����
�G�Z�� �l�_�j�j�b�l�h�j�b�b�� �i�e�h�s�Z�^�v�x�� ������ �d�f2 �a�Z�e�h�`�_�g�h�� ���� �f�Z�j�d�b�j�h�\�Z�g�g�u�o�� �h�i�h�a�g�Z�d�Z�� �k��
�l�h�q�g�h�k�l�v�x�� �\�a�Z�b�f�g�h�]�h�� �i�h�e�h�`�_�g�b�y�� ���±���� �k�f���� �Z�� �g�Z�� �i�e�h�s�Z�^�b�� �������� �d�f2 �b�f�_�_�l�k�y�� �h�d�h�e�h��
���������_�k�l�_�k�l�\�_�g�g�u�o���h�i�h�a�g�Z�d�h�\���k���l�h�q�g�h�k�l�v�x�����±�������k�f���^�e�y���i�j�b�\�y�a�d�b���Z�w�j�h�n�h�l�h�k�g�b�f�d�h�\��
�b�� �d�h�k�f�b�q�_�k�d�b�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �?�`�_�]�h�^�g�h�� �q�Z�k�l�b�q�g�h�� �h�[�k�e�_�^�m�x�l�k�y�� �b��
�i�_�j�_�g�Z�[�e�x�^�Z�x�l�k�y�� �k�m�s�_�k�l�\�m�x�s�b�_�� �h�i�h�a�g�Z�d�b�� �Z�� �l�Z�d�`�_�� �a�Z�d�e�Z�^�u�\�Z�x�l�k�y�� �g�h�\�u�_��
�k�b�e�Z�f�b���k�l�m�^�_�g�l�h�\�����i�j�h�o�h�^�y�s�b�o���i�j�Z�d�l�b�d�m�����H�l���w�l�h�]�h���\�b�^�Z���j�Z�[�h�l���^�\�h�c�g�Z�y���i�h�e�v�a�Z���± 
�k�l�m�^�_�g�l�u�� �i�h�e�m�q�Z�x�l�� �g�Z�\�u�d�b�� �=�G�K�K-�g�Z�[�e�x�^�_�g�b�c�� �b�� �i�h�^�^�_�j�`�b�\�Z�x�l�� �\��
�j�Z�[�h�l�h�k�i�h�k�h�[�g�h�f�� �k�h�k�l�h�y�g�b�b�� �b�g�n�j�Z�k�l�j�m�d�l�m�j�m�� �A�Z�h�d�k�d�h�]�h�� �]�_�h�i�h�e�b�]�h�g�Z���� �B�f�_�g�g�h��
�g�Z�e�b�q�b�_���]�_�h�^�_�a�b�q�_�k�d�h�c���k�_�l�b���b���f�Z�j�d�b�j�h�\�Z�g�g�u�o���h�i�h�a�g�Z�d�h�\�����d�h�l�h�j�u�_���b�k�i�h�e�v�a�m�x�l�k�y��
�\���d�Z�q�_�k�l�\�_���h�i�h�j�g�u�o���b���d�h�g�l�j�h�e�v�g�u�o���l�h�q�_�d���i�j�b���n�h�l�h�]�j�Z�f�f�_�l�j�b�q�_�k�d�h�c���h�[�j�Z�[�h�l�d�_��
�f�Z�l�_�j�b�Z�e�h�\�� �:�N�K���� �i�j�b�\�e�_�d�Z�_�l�� �g�Z�� �i�j�Z�d�l�b�d�m�� �d�h�f�i�Z�g�b�b���� �^�_�y�l�_�e�v�g�h�k�l�v�� �d�h�l�h�j�u�o��
�k�\�y�a�Z�g�Z�� �k�� �Z�w�j�h�n�h�l�h�k�t�_�f�d�h�c���� �G�Z�j�y�^�m�� �k�� �h�[�m�q�_�g�b�_�f�� �k�l�m�^�_�g�l�h�\�� �\�� �i�j�h�]�j�Z�f�f�m��
�\�d�e�x�q�Z�x�l�k�y�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�_�� �a�Z�^�Z�q�b�� �i�h�� �l�_�k�l�b�j�h�\�Z�g�b�x�� �[�_�k�i�b�e�h�l�g�u�o��
�Z�w�j�h�n�h�l�h�k�t�_�f�h�q�g�u�o�� �d�h�f�i�e�_�d�k�h�\�� �>������ �����@���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�l�m�^�_�g�l�u�� �g�_�� �l�h�e�v�d�h��
�i�h�e�m�q�Z�x�l�� �g�Z�\�u�d�b�� �\�u�i�h�e�g�_�g�b�y�� �Z�w�j�h�n�h�l�h�k�t�_�f�d�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �;�<�K���� �g�h�� �b��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �m�q�Z�k�l�\�m�x�l�� �\�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o�� �j�Z�[�h�l�Z�o���� �d�h�l�h�j�u�_�� �\��
�^�Z�e�v�g�_�c�r�_�f���i�_�j�_�o�h�^�y�l���\���^�b�i�e�h�f�g�u�_���b���d�\�Z�e�b�n�b�d�Z�p�b�h�g�g�u�_���j�Z�[�h�l�u�����f�Z�]�b�k�l�_�j�k�d�b�_��
�b���d�Z�g�^�b�^�Z�l�k�d�b�_���^�b�k�k�_�j�l�Z�p�b�b�����K�������������]�����_�`�_�]�h�^�g�h�����±�����^�b�i�e�h�f�g�u�o���j�Z�[�h�l���]�h�l�h�\�b�l�k�y��
�i�h�� �f�Z�l�_�j�b�Z�e�Z�f���� �i�h�e�m�q�_�g�g�u�f�� �g�Z�� �i�j�Z�d�l�b�d�_���� �W�l�b�� �f�Z�l�_�j�b�Z�e�u�� �[�_�k�i�b�e�h�l�g�h�c�� �:�N�K��
�l�Z�d�`�_�� �b�k�i�h�e�v�a�m�x�l�k�y�� �\�� �m�q�_�[�g�h�f�� �i�j�h�p�_�k�k�_�� �g�Z�� �d�Z�n�_�^�j�_�� �n�h�l�h�]�j�Z�f�f�_�l�j�b�b����
�;�e�Z�]�h�^�Z�j�g�h�k�l�b�� �a�Z�k�e�m�`�b�\�Z�x�l�� �d�h�f�i�Z�g�b�b���� �Z�d�l�b�\�g�h�� �m�q�Z�k�l�\�m�x�s�b�_�� �\�� �i�j�h�\�_�^�_�g�b�b��
�e�_�l�g�h-�k�t�_�f�h�q�g�u�o�� �j�Z�[�h�l���� �©�I�L�?�J�H�ª���� �©�=�_�h�k�d�Z�g�ª���� �©�K�L�P�ª���� �©�N�b�g�d�h�ª���� �©�E�x�n�l�_�j�Z�ª����
�©�=�Z�a�i�j�h�f�� �D�h�k�f�b�q�_�k�d�b�_�� �k�b�k�l�_�f�u�ª���� �©�C�_�g�Z�� �B�g�k�l�j�m�f�_�g�l�ª���� �©�G�_�[�_�k�g�Z�y���f�_�o�Z�g�b�d�Z�ª����
�©�:�w�j�h�]�_�h�f�Z�l�b�d�Z�ª�����;�_�a���b�o���m�q�Z�k�l�b�y���b���i�h�^�^�_�j�`�d�b���l�j�m�^�g�h���i�j�_�^�k�l�Z�\�b�l�v���i�j�h�\�_�^�_�g�b�_��
�i�h�^�h�[�g�h�c�� �l�_�o�g�b�q�_�k�d�b�� �k�e�h�`�g�h�c�� �i�j�Z�d�l�b�d�b���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�h�� �\�j�_�f�y��
�Z�w�j�h�n�h�l�h�k�t�_�f�h�q�g�h�c�� �q�Z�k�l�b�� �i�j�Z�d�l�b�d�b���� �d�j�h�f�_�� �;�<�K���� �i�j�b�f�_�g�y�_�l�k�y�� �b�� �i�b�e�h�l�b�j�m�_�f�Z�y��
�Z�\�b�Z�p�b�y���� �L�Z�d���� �\�� ���������� �]���� �d�h�f�i�Z�g�b�y�� �©�F�h�k�]�b�i�j�h�l�j�Z�g�k�ª�� �\�u�i�h�e�g�b�e�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�Z�w�j�h�n�h�l�h�k�t�_�f�h�q�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �'�L�0�$�&�� �8�O�W�U�D�� �/�L�K�J�W���� �b�� �\�h�a�^�m�r�g�h�]�h�� �e�Z�a�_�j�g�h�]�h��
�k�d�Z�g�_�j�Z�� �/�L�H�F�D�� �$�/�6-�������� �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �g�Z�� �:�G-������ �K�� ���������� �i�h�� ���������� �]�]���� �d�Z�n�_�^�j�Z��
�]�_�h�^�_�a�b�b���� �]�_�h�b�g�n�h�j�f�Z�l�b�d�b�� �b�� �g�Z�\�b�]�Z�p�b�b�� �F�h�k�d�h�\�k�d�h�]�h�� �b�g�k�l�b�l�m�l�Z�� �b�g�`�_�g�_�j�h�\��
�l�j�Z�g�k�i�h�j�l�Z�� �\�u�i�h�e�g�b�e�Z���g�_�k�d�h�e�v�d�h���l�_�k�l�h�\�u�o���i�h�e�_�l�h�\���k�� �d�Z�f�_�j�h�c���+�D�V�V�H�O�E�O�D�G���+���'-
�������D�H�U�L�D�O�����m�k�l�Z�g�h�\�e�_�g�g�h�c���g�Z���f�h�l�h�^�_�e�v�l�Z�i�e�Z�g�_���©�:�a�b�f�m�l�����f�ª�����<�������������]�����d�h�f�i�Z�g�b�y��
�©�K�b�]�f�Z�� �F�_�l�j�b�d�k�ª�� �l�_�k�l�b�j�h�\�Z�e�Z�� �Z�w�j�h�n�h�l�h�k�t�_�f�h�q�g�u�_�� �d�h�f�i�e�_�d�k�u�� �'�0�&�� �,�,�� �������� �b��
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�/�H�L�F�D�� �5�&�'�����R�E�O�L�T�X�H�� �3�H�Q�W�D���� �Z�� �l�Z�d�`�_�� �e�Z�a�_�j�g�u�c�� �k�d�Z�g�_�j�� �$�+�$�%�� �'�U�D�J�R�Q�(�\�H����
�m�k�l�Z�g�h�\�e�_�g�g�u�_�� �g�Z�� �^�\�m�o�f�h�l�h�j�g�h�f�� �k�Z�f�h�e�_�l�_�� �7�(�&�1�$�0�� �3���������7�� �0�0�$���� �<�� ���������� �]����
�d�h�g�k�l�j�m�d�l�h�j�k�d�h�_�� �[�x�j�h�� �©�E�m�q�ª�� �i�j�h�\�_�e�h�� �b�k�i�u�l�Z�g�b�y�� �]�b�i�_�j�k�i�_�d�l�j�Z�e�v�g�h�c�� �d�Z�f�_�j�u��
�k�h�[�k�l�\�_�g�g�h�c�� �j�Z�a�j�Z�[�h�l�d�b���� �<�k�_�� �i�h�e�m�q�_�g�g�u�_�� �f�Z�l�_�j�b�Z�e�u�� �b�k�i�h�e�v�a�m�x�l�k�y�� �\��
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TRAINING AND RETRAINING OF PERSONNEL IN THE DIRECTION  
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OF GEODESY AND CARTOGRAPHY  

 
Abstract. The article provides information about the introduction of new technologies of unmanned 
aerial survey, airborne laser scanning and photogrammetric processing into the scientific process of 
the Photogrammetry Department since 2011. The aspect of interaction with partner companies, 
developers and dealers of unmanned aerial vehicles is considered. The main achievements in the form 
of research works, articles, presentations at scientific-practical conferences, theses, dissertations, 
theses, participation in expeditions, etc. are shown, which shows the relevance and prospects of this 
direction, both in educational work and research work. The information on professional development 
of workers of topographic-geodesic industry from 2020 is given. 
Key words: unmanned aerial survey; airborne laser scanning; professional development; 
photogrammetry; personnel training. 
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�j�_�a�m�e�v�l�Z�l�h�\�����Z���l�Z�d�`�_���i�h�i�u�l�d�b���^�Z�\�e�_�g�b�y���g�Z���w�d�k�i�_�j�l�g�u�_���d�h�f�b�k�k�b�b�����_�k�e�b���^�Z�\�e�_�g�b�y��
�g�Z�� �b�a�u�k�d�Z�l�_�e�_�c�� �h�d�Z�a�Z�e�h�k�v�� �g�_�^�h�k�l�Z�l�h�q�g�h���� �<�� �w�d�k�i�_�j�l�g�h�c�� �i�j�Z�d�l�b�d�_�� �Z�\�l�h�j�Z��
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�± �©�i�_�j�_�k�f�h�l�j�ª�� �l�Z�[�e�b�q�g�u�o�� �n�b�e�v�l�j�Z�p�b�h�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �]�j�m�g�l�h�\����
�^�h�i�m�k�l�b�f�u�o�� �k�h�^�_�j�`�Z�g�b�c�� �l�y�`�_�e�u�o�� �b�� �l�h�d�k�b�q�g�u�o�� �f�_�l�Z�e�e�h�\���� �f�b�g�b�f�Z�e�v�g�h��
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�± �©�b�k�d�e�x�q�_�g�b�_�ª�� �b�a�� �]�_�h�e�h�]�b�q�_�k�d�h�]�h�� �j�Z�a�j�_�a�Z�� �l�_�j�j�b�l�h�j�b�b�� �h�l�^�_�e�v�g�u�o��
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�^�Z�g�g�u�f�b���� �<�� �i�j�h�l�b�\�g�h�f�� ���m�\�u���� �\�_�k�v�f�Z�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�f���� �k�e�m�q�Z�_��
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�± �b�g�\�_�k�l�h�j�u���� �k�l�j�_�f�y�k�v�� �d�� �i�h�e�m�q�_�g�b�x�� �g�Z�b�[�h�e�v�r�_�c�� �i�j�b�[�u�e�b���� �g�Z�k�l�Z�b�\�Z�x�l�� �g�Z��
�f�Z�d�k�b�f�Z�e�v�g�h�� �b�g�l�_�g�k�b�\�g�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �m�q�Z�k�l�d�Z���� �q�l�h�� �h�a�g�Z�q�Z�_�l�� �i�j�_�^�_�e�v�g�h��
�i�e�h�l�g�m�x�� �\�u�k�h�d�h�w�l�Z�`�g�m�x�� �a�Z�k�l�j�h�c�d�m�� �b�� �f�b�g�b�f�Z�e�v�g�h�_�� �n�b�g�Z�g�k�b�j�h�\�Z�g�b�_��
�b�a�u�k�d�Z�l�_�e�v�k�d�b�o���b���i�j�h�_�d�l�g�u�o���j�Z�[�h�l�� 

�± �b�a�u�k�d�Z�l�_�e�b�� �h�[�h�k�g�h�\�u�\�Z�x�l�� �]�h�l�h�\�u�_�� �j�_�r�_�g�b�y�� �i�h�� �i�j�b�g�p�b�i�m�� �©�q�_�]�h��
�b�a�\�h�e�b�l�_�ª�� 

�± �i�j�h�_�d�l�b�j�h�\�s�b�d�b���� �h�j�b�_�g�l�b�j�m�y�k�v�� �g�Z�� �a�Z�^�Z�g�g�u�_�� �f�Z�d�k�b�f�Z�e�v�g�u�_�� �i�Z�j�Z�f�_�l�j�u����
�j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�� �i�e�h�o�h���i�j�b�\�y�a�Z�g�g�u�_�� �d�� �f�_�k�l�m���k�l�Z�g�^�Z�j�l�g�u�_�� �i�j�h�_�d�l�u�����i�h�\�k�_�f�_�k�l�g�h��
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PROBLEM OF NEGATIVE RESULT AT ENGINEERING -ECOLOGICAL 

SURVEYS AND THE POSSIBILITYES OF ITS DECISION  
 

Abstract. The reasons, circumstances and consequences of negative results of engineering-ecological 
researches are considered. Suggestions for improvement of the regulatory base for minimization of 
consequences of negative results for customers and on improvement of interaction of performers  
of different types of researches for construction are presented. 
Key words: engineering-ecological surveys; regulatory base of prospecting works; negative result; 
interaction of researches. 
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ALGORITHM OF ENGINEERING -ECOLOGICAL SURVEYS.  
THE PROBLEMS AND THE KEYS TO THEIR SOLUTIONS  

 
Abstract. The report discusses the general algorithm for engineering and environmental surveys 
�E�D�V�H�G�� �R�Q�� �U�H�J�X�O�D�W�R�U�\�� �G�R�F�X�P�H�Q�W�V�� �6�3�� ���������������������������� �³Engineering survey for construction. Basic 
principles. Updated version of SNiP 11-02-�����´�� �D�Q�G�� �6�3�� ���������������������������������� �³Engineering 
environmental survey for construction. General regulations for execution of work�´���� �7�K�H�� �P�D�L�Q��
�S�U�R�E�O�H�P�V�� �D�U�H�� �U�D�L�V�H�G���� �V�X�F�K�� �D�V�� �W�K�H�� �³�Y�R�O�X�Q�W�D�U�\�´�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �U�H�J�X�O�D�W�R�U�\�� �G�R�F�X�P�H�Q�W�V���� �P�D�N�L�Q�J�� �V�X�U�Y�H�\��
program, interaction between different types of surveys, organization of external and internal quality 
control of engineering surveys, and the keys to their solution. 
Key words: engineering-ecological surveys; making a program of work; technical brief; internal 
control; external control. 
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�<���g�_�d�h�l�h�j�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���>�����������@���\���h�[�s�m�x���n�h�g�h�\�m�x���\�u�[�h�j�d�m���i�h�i�Z�^�Z�e�b��
�l�_�o�g�h�]�_�g�g�h-�g�_�a�Z�]�j�y�a�g�_�g�g�u�_���i�h�q�\�u�����h�l�h�[�j�Z�g�g�u�_���d�Z�d���\���_�k�l�_�k�l�\�_�g�g�u�o���e�Z�g�^�r�Z�n�l�Z�o����
�l�Z�d���b���g�Z���i�Z�r�g�_�����D�Z�d���i�j�Z�\�b�e�h�����^�Z�g�g�u�c���i�h�^�o�h�^���i�j�b�f�_�g�y�_�l�k�y���\���j�_�]�b�h�g�Z�o���x�]�Z���J�h�k�k�b�b����
�]�^�_���k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�_���a�_�f�e�b���a�Z�g�b�f�Z�x�l���a�g�Z�q�b�l�_�e�v�g�u�_���i�e�h�s�Z�^�b���l�_�j�j�b�l�h�j�b�b����
�I�h�k�j�_�^�k�l�\�h�f�� �i�j�b�f�_�g�_�g�b�y�� �m�^�h�[�j�_�g�b�c�� �b�� �i�_�k�l�b�p�b�^�h�\�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�Z�y��
�^�_�y�l�_�e�v�g�h�k�l�v���q�Z�k�l�b�q�g�h���b�a�f�_�g�y�_�l���o�b�f�b�q�_�k�d�b�c���k�h�k�l�Z�\���i�h�q�\�����h�^�g�Z�d�h���w�l�b���b�a�f�_�g�_�g�b�y��
�\���p�_�e�h�f���k�e�Z�[�_�_���\�h�a�^�_�c�k�l�\�b�y���h�l���l�_�o�g�h�]�_�g�g�u�o���b�k�l�h�q�g�b�d�h�\�����D�j�h�f�_���l�h�]�h�����m�d�Z�a�Z�g�g�u�_��
�b�a�f�_�g�_�g�b�y�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �q�Z�k�l�b�q�g�h�� �k�]�e�Z�`�b�\�Z�x�l�k�y�� �h�i�j�h�[�h�\�Z�g�b�_�f��
�_�k�l�_�k�l�\�_�g�g�u�o�� �i�h�q�\���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�h�e�m�q�b�\�r�Z�y�k�y�� �\�u�[�h�j�d�Z�� �\�� �p�_�e�h�f��
�k�h�h�l�\�_�l�k�l�\�m�_�l�� �h�i�j�_�^�_�e�_�g�b�x�� �©�n�h�g�h�\�h�_�� �k�h�^�_�j�`�Z�g�b�_�ª�� �b�a�� �F�M 2.1.7.730-99 [22]. 
�K�h�h�l�\�_�l�k�l�\�m�x�s�b�_���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�b���\�g�_�k�_�g�u���\���[�Z�a�m���^�Z�g�g�u�o�� 
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�A�^�_�k�v�� �`�_�� �f�h�`�g�h�� �\�u�^�_�e�b�l�v�� �l�_�j�j�b�l�h�j�b�b���� �]�^�_�� �g�Z�� �n�h�g�h�\�h�_�� �k�h�^�_�j�`�Z�g�b�_��
�o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �h�[�k�e�_�^�h�\�Z�e�b�k�v�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �i�Z�o�h�l�g�u�_�� �i�h�q�\�u����
�m�^�Z�e�_�g�g�u�_�� �h�l�� �b�k�l�h�q�g�b�d�h�\�� �l�_�o�g�h�]�_�g�g�u�o�� �\�u�[�j�h�k�h�\�� �>������ �����@���� �I�j�_�^�e�Z�]�Z�_�l�k�y��
�b�k�i�h�e�v�a�h�\�Z�l�v���w�l�b���^�Z�g�g�u�_���i�j�b���i�j�h�\�_�^�_�g�b�b���b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o �b�a�u�k�d�Z�g�b�c��
�g�Z�� �a�_�f�e�y�o�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�h�]�h�� �g�Z�a�g�Z�q�_�g�b�y�� �b�� �g�_�� �i�j�b�f�_�g�y�l�v�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d��
�_�k�l�_�k�l�\�_�g�g�u�f���i�h�q�\�Z�f�� 

�<�� �g�_�d�h�l�h�j�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �>�����@�� �i�h�g�y�l�b�_�� �©�n�h�g�ª�� �i�j�b�j�Z�\�g�b�\�Z�e�h�k�v��
�d �i�h�g�y�l�b�y�f���©�d�e�Z�j�d�ª�� �b�e�b���©�k�j�_�^�g�_�_�ª���� �<�� �w�l�h�f�� �k�e�m�q�Z�_���i�j�h�b�a�\�h�^�b�e�h�k�v���h�i�j�h�[�h�\�Z�g�b�_��
�i�h�q�\���d�Z�d���m�^�Z�e�_�g�g�u�o�����l�Z�d���b���i�j�b�[�e�b�`�_�g�g�u�o���d���m�q�Z�k�l�d�Z�f���l�_�o�g�h�]�_�g�g�h�]�h���\�h�a�^�_�c�k�l�\�b�y����
�a�Z�l�_�f���j�Z�k�k�q�b�l�u�\�Z�e�h�k�v���k�j�_�^�g�_�_���k�h�^�_�j�`�Z�g�b�_���w�e�_�f�_�g�l�h�\���\���i�h�q�\�Z�o�����>�Z�g�g�u�c���i�h�^�o�h�^��
�g�_�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �h�i�j�_�^�_�e�_�g�b�x�� �©�n�h�g�h�\�h�_�� �k�h�^�_�j�`�Z�g�b�_�ª�� �b�a���=�H�K�L�� ����������-������ �>���@���b��
�F�M 2.1.7.730-������ �>�����@���� �^�Z�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�� �[�u�e�b�� �\�d�e�x�q�_�g�u�� �\�� �[�Z�a�m�� �^�Z�g�g�u�o����
�L�Z�d�`�_�� �\�� �[�Z�a�m�� �g�_�� �\�h�r�e�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �>������ �����@���� �]�^�_�� �i�j�b�\�h�^�b�e�h�k�v�� �k�j�_�^�g�_�_��
�k�h�^�_�j�`�Z�g�b�_���o�b�f�b�q�_�k�d�b�o���w�e�_�f�_�g�l�h�\���\���i�h�q�\�Z�o���[�_�a���q�_�l�d�h�]�h���m�d�Z�a�Z�g�b�y���h�k�h�[�_�g�g�h�k�l�_�c��
�h�l�[�h�j�Z���i�j�h�[�� 

�K�j�_�^�b�� �^�j�m�]�b�o�� �i�h�^�o�h�^�h�\�� �h�i�j�_�^�_�e�_�g�b�y�� �n�h�g�h�\�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �w�e�_�f�_�g�l�h�\��
�\ �i�h�q�\�Z�o���f�h�`�g�h���h�l�g�_�k�l�b���k�e�_�^�m�x�s�b�_: 

�Å �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_�� �n�h�g�Z�� �k�h�^�_�j�`�Z�g�b�_�� �o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\��
�\ �©�w�l�Z�e�h�g�g�u�o�ª�� �i�h�q�\�Z�o�� �j�_�]�b�h�g�Z���� �L�Z�d���� �^�e�y���;�_�e�]�h�j�h�^�k�d�h�c�� �h�[�e�Z�k�l�b�� �a�Z�� �w�l�Z�e�h�g��
�i�j�b�g�b�f�Z�x�l�k�y�� �i�h�q�\�u�� �b�a�� �a�Z�i�h�\�_�^�g�b�d�Z�� �©�Y�f�k�d�Z�y�� �k�l�_�i�v�ª���� �a�Z�g�_�k�_�g�g�u�_�� �\�� �D�j�Z�k�g�m�x��
�d�g�b�]�m�� �i�h�q�\�� �j�_�]�b�h�g�Z�� �>�����@���� �>�e�y�� �D�m�j�k�d�h�c�� �h�[�e�Z�k�l�b�� �a�Z�� �w�l�Z�e�h�g�� �i�j�b�g�b�f�Z�_�l�k�y��
�h�n�b�p�b�Z�e�v�g�h���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�c���k�l�Z�g�^�Z�j�l�g�u�c���h�[�j�Z�a�_�p���K�I-�������D�m�j�k�d�b�c���Q�_�j�g�h�a�_�f��
�>�����@�����< �h�l�e�b�q�b�_ �h�l���\�k�_�o���h�k�l�Z�e�v�g�u�o���i�h�^�o�h�^�h�\�����\���^�Z�g�g�h�f���k�e�m�q�Z�_���h�l�k�m�l�k�l�\�m�_�l���d�Z�d�Z�y-
�e�b�[�h���\�u�[�h�j�d�Z���i�j�h�[�����^�e�y���d�Z�`�^�h�]�h���l�b�i�Z���i�h�q�\���m�k�l�Z�g�h�\�e�_�g���h�^�b�g���©�w�l�Z�e�h�g�g�u�c�ª���j�Z�a�j�_�a����
�I�j�b���w�l�h�f���^�Z�g�g�u�c���i�h�^�o�h�^���[�u�e���i�j�b�f�_�g�_�g���\���j�y�^�_���g�Z�m�q�g�u�o���j�Z�[�h�l�����\���l���q�����\ �g�_�k�d�h�e�v�d�b�o��
�d�Z�g�^�b�^�Z�l�k�d�b�o���^�b�k�k�_�j�l�Z�p�b�y�o���>�������������@; 

�Å �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_�� �n�h�g�Z�� �k�h�^�_�j�`�Z�g�b�_�� �o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\��
�\ �i�h�q�\�h�h�[�j�Z�a�m�x�s�_�c�� �i�h�j�h�^�_���� �<�� �q�Z�k�l�g�h�k�l�b���� �^�Z�g�g�u�c�� �i�h�^�o�h�^�� �\�� �k�\�h�_�c�� �j�Z�[�h�l�_��
�b�k�i�h�e�v�a�h�\�Z�e���X���:�� �F�Z�`�Z�c�k�d�b�c���>�����@�� 

�I�h�f�b�f�h���h�k�h�[�_�g�g�h�k�l�_�c���h�l�[�h�j�Z���i�j�h�[�����i�j�b���k�h�a�^�Z�g�b�b���[�Z�a�u���^�Z�g�g�u�o���m�^�_�e�y�e�h�k�v��
�\�g�b�f�Z�g�b�_�� �f�_�l�h�^�Z�f�� �e�Z�[�h�j�Z�l�h�j�g�h�]�h�� �o�b�f�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z���� �I�h�k�d�h�e�v�d�m�� �i�j�_�^�_�e�v�g�h��
�^�h�i�m�k�l�b�f�Z�y�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\�� �\�� �i�h�q�\�_�� �h�i�j�_�^�_�e�_�g�Z�� �^�e�y�� �b�o��
�\�Z�e�h�\�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �>�����@���� �\ �o�h�^�_�� �i�j�h�\�_�^�_�g�b�y�� �b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o��
�b�a�u�k�d�Z�g�b�c�� �\�� �i�j�h�[�Z�o�� �l�Z�d�`�_�� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�Z�e�h�\�Z�y�� �n�h�j�f�Z�� �f�_�l�Z�e�e�h�\�� �b�� �f�u�r�v�y�d�Z����
�K�h�h�l�\�_�l�k�l�\�_�g�g�h�����l�j�_�[�m�_�l�k�y���a�g�Z�l�v���n�h�g�h�\�u�_���d�h�g�p�_�g�l�j�Z�p�b�b���b�f�_�g�g�h���\�Z�e�h�\�h�c���n�h�j�f�u��
�o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\ �[�Z�a�m�� �^�Z�g�g�u�o�� �g�_�� �\�d�e�x�q�Z�e�b�k�v��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �>������ �������� �����@���� �\�� �d�h�l�h�j�u�o�� �n�h�g�h�\�u�_�� �i�j�h�[�u�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v��
�i�y�l�b�f�h�e�v�g�u�f���j�Z�k�l�\�h�j�h�f���Z�a�h�l�g�h�c���d�b�k�e�h�l�u������M HNO3�������l���_�����]�^�_���h�i�j�_�^�_�e�y�e�Z�k�v���b�o��
�d�b�k�e�h�l�h�j�Z�k�l�\�h�j�b�f�Z�y�����Z���g�_���\�Z�e�h�\�Z�y���n�h�j�f�Z���>�������������@�� 

�<���j�y�^�_���b�k�k�e�_�^�h�\�Z�g�b�c�����i�j�h�\�_�^�_�g�g�u�o���\����������-�_���b���\����������-�_���]�]�����>�������������������@�����^�e�y��
�j�Z�a�e�h�`�_�g�b�y�� �i�j�h�[�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �Z�g�Z�e�b�a�Z�� �i�j�b�f�_�g�y�e�Z�k�v�� �k�f�_�k�v��
�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�c�� �Z�a�h�l�g�h�c�� �d�b�k�e�h�l�u�� �b�� �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�c�� �i�_�j�_�d�b�k�b�� �\�h�^�h�j�h�^�Z��
(HNO3 (1:1) + H2O2 �d�h�g�p.������ �I�j�b�� �w�l�h�f�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �k�k�u�e�Z�x�l�k�y�� �g�Z�� �>�����@���� �]�^�_��
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�i�h�^�h�[�g�u�c�� �f�_�l�h�^�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �\�Z�e�h�\�h�c�� �n�h�j�f�u�� �f�_�l�Z�e�e�h�\����
�K�h�]�e�Z�k�g�h�� �[�h�e�_�_�� �k�h�\�j�_�f�_�g�g�u�f�� �f�_�l�h�^�b�d�Z�f�� �I�G�>�� �N�� ��������������������������-98 
�©�D�h�e�b�q�_�k�l�\�_�g�g�u�c�� �o�b�f�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �i�h�q�\���� �F�_�l�h�^�b�d�Z�� �\�u�i�h�e�g�_�g�b�y�� �b�a�f�_�j�_�g�b�c��
�k�h�^�_�j�`�Z�g�b�y���f�_�l�Z�e�e�h�\���\���l�\�_�j�^�u�o���h�[�t�_�d�l�Z�o���f�_�l�h�^�h�f���k�i�_�d�l�j�h�f�_�l�j�b�b���k���b�g�^�m�d�l�b�\�g�h-
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CREATION OF THE DATABASE ON BACKGROUND CONCENTRATIONS 

OF HEAVY METALS AND ARSENIC IN SOILS  
 

Abstract. �7�K�H�� �V�W�X�G�\�� �S�U�R�Y�L�G�H�V�� �D�� �E�U�L�H�I�� �G�H�V�F�U�L�S�W�L�R�Q�� �R�I�� �W�K�H�� �D�X�W�K�R�U�¶�V�� �G�D�W�D�E�D�V�H���� �F�R�P�S�L�O�H�G�� �R�Q�� �W�K�H�� �E�D�V�L�V��
of open sources and containing information on the background concentrations of chemical elements 
in the soils of some territories of Russia. The basic principles of determining the geochemical 
background are analyzed and some nuances associated with the use of this information in practice 
are noted. The study may be useful in assessing soil pollution when conducting environmental 
engineering surveys. 
Key words: zinc; cadmium; lead; mercury; copper; nickel, arsenic. 
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�j�_�k�m�j�k�g�h�]�h���i�h�l�_�g�p�b�Z�e�Z���i�h�q�\�����h�l�h�[�j�Z�`�_�g�g�u�_���\���l�Z�[�e�� 
 

�L�Z�[�e�b�p�Z 
�D�j�b�l�_�j�b�b���d�h�e�b�q�_�k�l�\�_�g�g�h�c���h�p�_�g�d�b���w�d�h�e�h�]�h-�j�_�k�m�j�k�g�h�]�h���i�h�l�_�g�p�b�Z�e�Z���i�h�q�\���:�A�J�N���g�Z���i�j�b�f�_�j�_��

�m�q�Z�k�l�d�h�\���h�[�m�k�l�j�h�c�k�l�\�Z���M�j�_�g�]�h�c�k�d�h�]�h���G�=�D�F 
 

�J�Z�g�]�b���w�d�h�e�h�]�h- 
�j�_�k�m�j�k�g�h�]�h�� 

�i�h�l�_�g�p�b�Z�e�Z���i�h�q�\ 
�D�j�b�l�_�j�b�b�� 
�h�p�_�g�d�b 
�w�d�h�e�h�]�h- 
�j�_�k�m�j�k�g�h�]�h 
�i�h�l�_�g�p�b�Z�e�Z���i�h�q�\ 

I�����<�u�k�h�d�b�c��
���a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d
�h�c���g�h�j�f�u�� 

II �����K�j�_�^�g�b�c��
���a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�j�b�k�d�Z�� 

III �����G�b�a�d�b�c��
���a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�d�j�b�a�b�k�Z�� 

IV�����H�q�_�g�v��
�g�b�a�d�b�c�����a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�[�_�^�k�l�\�b�y���± 

�d�Z�l�Z�k�l�j�h�n�u�� 

1. �=�e�m�[�b�g�Z���a�Z�e�_�]�Z�g�b�y��
�f�g�h�]�h�e�_�l�g�_�f�_�j�a�e�u�o��
�i�h�j�h�^���g�Z���f�h�f�_�g�l��
�i�j�h�\�_�^�_�g�b�y���b�g�`�_�g�_�j�g�h-
�w�d�h�e�h�]�b�q�_�k�d�b�o��
�b�a�u�k�d�Z�g�b�c�����k�f 

�[�h�e�_�_������,0 
�e�b�[�h��

�h�l�k�m�l�k�l�\�b�_ 
45,0�±31,0 31,0�±23,5 �f�_�g�_�_���������� 

2. �K�h�^�_�j�`�Z�g�b�_��
�h�j�]�Z�g�b�q�_�k�d�h�]�h��
�\�_�s�_�k�l�\�Z���������^�e�y��
�f�b�g�_�j�Z�e�v�g�u�o��
�]�h�j�b�a�h�g�l�h�\ / �����^�e�y��
�h�j�]�Z�g�h�]�_�g�g�u�o��
�]�h�j�b�a�h�g�l�h�\ 

�[�h�e�_�_��
�������������[�h�e�_�_��

46,70 

13,50�±
6,01/46,70�±

26,70 

6,01�±
2,30/26,70�±

14,20 

�f�_�g�_�_��
2,30���f�_�g�_�_��

14,20 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�J�Z�g�]�b���w�d�h�e�h�]�h- 
�j�_�k�m�j�k�g�h�]�h�� 

�i�h�l�_�g�p�b�Z�e�Z���i�h�q�\ 
�D�j�b�l�_�j�b�b�� 
�h�p�_�g�d�b 
�w�d�h�e�h�]�h- 
�j�_�k�m�j�k�g�h�]�h 
�i�h�l�_�g�p�b�Z�e�Z���i�h�q�\ 

I�����<�u�k�h�d�b�c��
���a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d
�h�c���g�h�j�f�u�� 

II �����K�j�_�^�g�b�c��
���a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�j�b�k�d�Z�� 

III �����G�b�a�d�b�c��
���a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�d�j�b�a�b�k�Z�� 

IV�����H�q�_�g�v��
�g�b�a�d�b�c�����a�h�g�Z��

�w�d�h�e�h�]�b�q�_�k�d�h�]�h��
�[�_�^�k�l�\�b�y���± 

�d�Z�l�Z�k�l�j�h�n�u�� 

3. �<�_�e�b�q�b�g�Z���j�G���\�h�^�g�h�c��
�\�u�l�y�`�d�b�����_�^�����j�G 

6,13�±5,23 5,23�±4,73 4,73�±4,18 �f�_�g�_�_���������� 

4. �<�_�e�b�q�b�g�Z���j�G���k�h�e�_�\�h�c��
�\�u�l�y�`�d�b�����_�^�����j�G 

5,05�±4,26 4,26�±3,75 3,75�±3,28 �f�_�g�_�_���������� 

5. �H�[�s�_�_���i�j�h�_�d�l�b�\�g�h�_��
�i�h�d�j�u�l�b�_������ 

100 100�±50 50�±10 �f�_�g�_�_������ 

�B�g�l�_�]�j�Z�e�v�g�Z�y���h�p�_�g�d�Z����
�[�Z�e�e 1 1�±2 2�±3 3�±4 

 
�>�e�y�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �h�p�_�g�d�b�� �^�Z�g�g�u�o�� �d�j�b�l�_�j�b�_�\���� �d�j�h�f�_�� �k�l�_�i�_�g�b��

�i�j�h�_�d�l�b�\�g�h�]�h���i�h�d�j�u�l�b�y�����[�u�e���b�k�i�h�e�v�a�h�\�Z�g���k�l�Z�l�b�k�l�b�q�_�k�d�b�c���f�_�l�h�^���d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�_�k�l�_�k�l�\�_�g�g�u�o�� �j�Z�a�j�u�\�h�\�� �>�`�_�g�d�k�Z���� �=�j�Z�g�b�p�u�� �q�_�l�u�j�_�o�� �j�Z�g�]�h�\�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�h�]�h��
�i�h�l�_�g�p�b�Z�e�Z���i�h���\�u�[�j�Z�g�g�h�f�m���d�j�b�l�_�j�b�x���k�h�a�^�Z�\�Z�e�b�k�v���i�m�l�_�f �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���g�Z��
�y�a�u�d�_�� �5�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �b�g�l�_�j�n�_�c�k�Z�� �5�6�W�X�G�L�R�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�l�h�[�u��
�k�]�j�m�i�i�b�j�h�\�Z�l�v�� �k�o�h�`�b�_�� �a�g�Z�q�_�g�b�y�� �b�� �f�Z�d�k�b�f�b�a�b�j�h�\�Z�l�v�� �j�Z�a�e�b�q�b�y�� �f�_�`�^�m�� �j�Z�g�]�Z�f�b��
���K�W�W�S�V�������S�U�R���D�U�F�J�L�V���F�R�P�������>�Z�g�g�u�c���f�_�l�h�^���d�e�Z�k�l�_�j�b�a�Z�p�b�b���a�Z�d�e�x�q�Z�_�l�k�y���\���\�u�q�b�k�e�_�g�b�b��
�k�m�f�f�u���d�\�Z�^�j�Z�l�h�\���h�l�d�e�h�g�_�g�b�c���h�l���k�j�_�^�g�b�o���a�g�Z�q�_�g�b�c���d�e�Z�k�k�Z�����]�j�Z�^�Z�p�b�b�����b���i�h�^�[�h�j�_��
�k�i�h�k�h�[�Z���j�Z�a�^�_�e�_�g�b�y���g�Z���d�e�Z�k�k�u�����i�j�b���d�h�l�h�j�h�f���i�_�j�_�f�_�s�_�g�b�_���h�^�g�h�c���b�e�b���g�_�k�d�h�e�v�d�b�o��
�l�h�q�_�d���b�a���h�^�g�h�]�h���d�e�Z�k�k�Z���\���^�j�m�]�h�c���i�j�b�\�h�^�b�l���d���l�h�f�m�����q�l�h���k�m�f�f�Z���h�l�d�e�h�g�_�g�b�c���\�g�m�l�j�b��
�d�e�Z�k�k�Z���i�j�b�h�[�j�_�l�Z�_�l���f�b�g�b�f�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_�����I�j�b���w�l�h�f���^�h�k�l�b�]�Z�_�l�k�y���f�b�g�b�f�Z�e�v�g�Z�y��
�^�b�k�i�_�j�k�b�y���\�g�m�l�j�b���\�u�^�_�e�_�g�g�u�o���]�j�Z�^�Z�p�b�c���b���f�Z�d�k�b�f�Z�e�v�g�Z�y���f�_�`�^�m���g�b�f�� 

�D�h�e�b�q�_�k�l�\�_�g�g�u�_�� �]�j�Z�^�Z�p�b�b�� �i�h�d�Z�a�Z�l�_�e�y�� �i�j�h�_�d�l�b�\�g�h�]�h�� �i�h�d�j�u�l�b�y��
�i�j�_�^�e�h�`�_�g�u���\���i�m�[�e�b�d�Z�p�b�b���F���X�� �L�_�e�y�l�g�b�d�h�\�Z���>���@�� 

�>�e�y�� �b�g�l�_�]�j�Z�e�v�g�h�c�� �h�p�_�g�d�b�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �i�h�q�\�� �\�k�_�f��
�m�d�Z�a�Z�g�g�u�f���\���l�Z�[�e�����d�j�b�l�_�j�b�y�f���i�m�l�_�f���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���h�[�h�k�g�h�\�Z�g�b�c���i�j�b�k�\�h�_�g�u��
�\�_�k�h�\�u�_���d�h�w�n�n�b�p�b�_�g�l�u�� 

�G�Z�b�[�h�e�v�r�b�c�� �\�_�k�h�\�h�c�� �d�h�w�n�n�b�p�b�_�g�l���± �������� �i�j�b�k�\�h�_�g�� �i�h�d�Z�a�Z�l�_�e�x����
�h�i�j�_�^�_�e�y�x�s�_�f�m�k�y�� �]�e�m�[�b�g�h�c�� �a�Z�e�_�]�Z�g�b�y�� �f�g�h�]�h�e�_�l�g�_�f�_�j�a�e�u�o�� �i�h�j�h�^�� �g�Z�� �f�h�f�_�g�l��
�a�Z�e�h�`�_�g�b�y���i�h�q�\�_�g�g�h�]�h���j�Z�a�j�_�a�Z����R�F�F�I ), �q�l�h���h�[�m�k�e�h�\�e�_�g�h���i�j�h�l�_�d�Z�g�b�_�f���i�j�h�p�_�k�k�h�\��
�i�h�q�\�h�h�[�j�Z�a�h�\�Z�g�b�y���\���k�_�a�h�g�g�h-�l�Z�e�h�f���k�e�h�_�� 

�<�_�k�h�f�h�k�l�v���h�k�l�Z�e�v�g�u�o���i�h�d�Z�a�Z�l�_�e�_�c���h�i�j�_�^�_�e�y�_�l�k�y���m�j�h�\�g�_�f���^�b�n�n�_�j�_�g�p�b�Z�p�b�b��
�l�_�j�j�b�l�h�j�b�b�� �i�h�� �d�h�e�b�q�_�k�l�\�_�g�g�u�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���� �f�_�g�_�_�� �������� �j�Z�k�k�f�h�l�j�_�g�g�u�o��
�I�D�H�E�� �h�l�g�_�k�_�g�u�� �d�� �h�^�g�h�c�� �b�a���d�Z�l�_�]�h�j�b�c�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �i�h��
�i�h�d�Z�a�Z�l�_�e�y�f���j�G���\�h�^�g�h�c����R�j�G�\�h�^�����b���k�h�e�_�\�h�c����R�j�G�k�h�e�����\�u�l�y�`�d�b�����i�h�����������b�a���������������[�h�e�_�_��
50% �Å �d�� �h�^�g�h�f�m�� �b�a�� �j�Z�g�]�h�\�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z�� �i�h�� �d�j�b�l�_�j�b�y�f��
�©�k�h�^�_�j�`�Z�g�b�_���h�j�]�Z�g�b�q�_�k�d�h�]�h���\�_�s�_�k�l�\�Z�ª����R�h�j�] �\-�\�h�����b���©�i�j�h�_�d�l�b�\�g�h�_���i�h�d�j�u�l�b�_�ª����R�i�i) 
���i�h�� �������� �b�a�� ������������ �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �b�g�l�_�]�j�Z�e�v�g�u�c�� �b�g�^�_�d�k�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�h�]�h��



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�i�h�l�_�g�p�b�Z�e�Z���i�h�q�\���m�q�Z�k�l�d�h�\���:�j�d�l�b�q�_�k�d�h�c���a�h�g�u���J�N�����Z�g�Z�e�h�]�b�q�g�u�o���j�Z�k�k�f�h�l�j�_�g�g�h�f�m��
�i�h�� �i�j�b�j�h�^�g�h-�d�e�b�f�Z�l�b�q�_�k�d�b�f�� �b�� �]�_�h�d�j�b�h�e�h�]�b�q�_�k�d�b�f�� �m�k�e�h�\�b�y�f���� �\�u�j�Z�`�Z�_�l�k�y��
�n�h�j�f�m�e�h�c�� 

 
I = (R�F�F�I ��0,4) + (R�j�G�k�h�e��0,2) + (R�j�G�\�h�^��0,2) + (R�h�j�] �\-�\�h��0,1) + (R�i�i��0,1). 

 
�G�Z�b�[�h�e�v�r�b�f�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�u�f�� �i�h�l�_�g�p�b�Z�e�h�f�� �i�h�� �\�u�[�j�Z�g�g�h�c�� �[�Z�e�e�v�g�h�c��

�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �^�h�e�`�g�u�� �h�[�e�Z�^�Z�l�v�� �m�q�Z�k�l�d�b�� �k�� �b�g�l�_�]�j�Z�e�v�g�u�f�� �b�g�^�_�d�k�h�f���� �j�Z�\�g�u�f��
1 �[�Z�e�e�m�����Z���g�Z�b�f�_�g�v�r�b�f �± 4 �[�Z�e�e�Z�f�� 

�J�_�a�m�e�v�l�Z�l�u�� �b�g�l�_�]�j�Z�e�v�g�h�c�� �h�p�_�g�d�b�� �i�h�q�\�_�g�g�h�]�h�� �i�h�d�j�h�\�Z�� �b�a�u�k�d�Z�g�g�u�o��
�m�q�Z�k�l�d�h�\�� �h�[�m�k�l�j�h�c�k�l�\�Z�� �M�j�_�g�]�h�c�k�d�h�]�h�� �G�=�D�F�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�[�� �h�l�k�m�l�k�l�\�b�b��
�i�h�q�\�_�g�g�u�o�� �\�u�^�_�e�h�\�� �k�� �\�u�k�h�d�b�f�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�u�f�� �i�h�l�_�g�p�b�Z�e�h�f���� �i�h�w�l�h�f�m��
�g�Z�b�[�h�e�v�r�b�f�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�u�f�� �i�h�l�_�g�p�b�Z�e�h�f�� �h�[�e�Z�^�Z�x�l�� �i�h�q�\�u�� �\���a�h�g�_����
�w�d�\�b�\�Z�e�_�g�l�g�h�c�� �w�d�h�e�h�]�b�q�_�k�d�h�f�m�� �j�b�k�d�m�� ���k�j�_�^�g�b�c�� �w�d�h�e�h�]�h-�j�_�k�m�j�k�g�u�c�� �i�h�l�_�g�p�b�Z�e��
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NEW APPROACHES TO SOIL ASSESSMENT WHEN CONDUCTING 
ENGINEERING -ECOLOGICAL SURVEYS IN THE ARCTIC ZONE  

 
Abstract. The experience of conducting engineering-ecological surveys in the Arctic zone of the 
Russian Federation, in particular in the territories where oil and gas condensate fields are being 
developed in the Yamal-Nenets Autonomous Okrug, shows the imperfection of existing regulatory 
requirements for assessing soil cover. The soils of survey sites in this area often do not meet the 
requirements for the fertile layer established in regulatory documents. The authors propose an 
alternative biocentric approach to assessing soil cover during engineering-ecological surveys in order 
to make design decisions to protect areas with maximum soil ecological and resource potential. 
Key words: soil cover research, engineering-ecological assessment of soils, ecological resource 
potential of soils. 
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�k�h�d�j�Z�s�_�g�g�u�c�� �i�_�j�_�q�_�g�v�� �j�Z�[�h�l���� �p�_�e�v�x�� �d�h�l�h�j�h�]�h�� �[�m�^�_�l�� �y�\�e�y�l�v�k�y�� �m�k�l�Z�g�h�\�e�_�g�b�_��
�n�Z�d�l�Z�� �g�Z�e�b�q�b�y�� �j�Z�^�h�g�h�\�h�c�� �b�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�h�c�� �h�i�Z�k�g�h�k�l�b���� �i�j�b�� �h�[�g�Z�j�m�`�_�g�b�b��
�[�_�a�h�i�Z�k�g�h�]�h���m�j�h�\�g�y���n�Z�d�l�h�j�h�\���i�h���j�_�a�m�e�v�l�Z�l�m���b�k�k�e�_�^�h�\�Z�g�b�c�� �\�h�a�f�h�`�g�h���^�h�k�l�h�\�_�j�g�h��
�b�k�d�e�x�q�b�l�v�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �i�j�h�\�_�^�_�g�b�y�� �\�l�h�j�h�]�h�� �w�l�Z�i�Z���� �i�j�b�� �h�l�k�m�l�k�l�\�b�b��
�i�j�_�\�u�r�_�g�b�c���i�h�d�Z�a�Z�l�_�e�_�c���i�h���j�_�a�m�e�v�l�Z�l�Z�f���i�_�j�\�h�]�h���w�l�Z�i�Z�� 

�I�j�h�\�_�^�_�g�b�_���^�Z�e�v�g�_�c�r�b�o���b�k�k�e�_�^�h�\�Z�g�b�c���i�j�b���w�l�h�f���g�_�p�_�e�_�k�h�h�[�j�Z�a�g�h�� 
�J�Z�k�k�f�h�l�j�_�g�Z�� �\�h�a�f�h�`�g�h�k�l�v�� �h�j�]�Z�g�b�a�Z�p�b�b�� �j�Z�[�h�l�� �k�� �m�q�_�l�h�f�� �i�h�^�l�\�_�j�`�^�_�g�g�h�]�h��

�n�Z�d�l�Z���g�Z�e�b�q�b�y���i�j�_�^�f�_�l�Z���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�c�� 
�<���o�h�^�_���i�e�Z�g�b�j�h�\�Z�g�b�y���i�j�h�b�a�\�h�^�k�l�\�Z���b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o���b�a�u�k�d�Z�g�b�c��

�g�Z�� �h�[�t�_�d�l�_���� �\�� �i�j�h�]�j�Z�f�f�_�� �j�Z�[�h�l�� �g�_�h�[�o�h�^�b�f�h�� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�]�j�m�g�l�h�\���l�_�j�j�b�l�h�j�b�b���\���q�Z�k�l�b�� 
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�Å �j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b���� �\�� �k�e�m�q�Z�_���� �d�h�]�^�Z�� �g�Z�� �a�_�f�_�e�v�g�h�f�� �m�q�Z�k�l�d�_���i�e�Z�g�b�j�m�_�l�k�y��
�k�l�j�h�b�l�_�e�v�k�l�\�h���`�b�e�u�o�����h�[�s�_�k�l�\�_�g�g�u�o�����i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o���a�^�Z�g�b�c���b���k�h�h�j�m�`�_�g�b�c���k��
�i�h�k�l�h�y�g�g�u�f�� �i�j�_�[�u�\�Z�g�b�_�f�� �\�� �g�b�o�� �e�x�^�_�c�� ���g�_�i�j�_�j�u�\�g�h���� �\�� �l�_�q�_�g�b�_�� �[�h�e�_�_�� ���� �q���� �>������
�i�� 5.15.12]; 

�Å �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �\�� �k�e�m�q�Z�_�� �g�Z�e�b�q�b�y�� �g�Z�� �m�q�Z�k�l�d�_��
�b�a�u�k�d�Z�g�b�c���� �g�Z�k�u�i�g�u�o�� �]�j�m�g�l�h�\�� �k�� �i�j�b�f�_�k�y�f�b�� �k�l�j�h�b�l�_�e�v�g�h�]�h�� �f�m�k�h�j�Z�� �f�h�s�g�h�k�l�v�x��
�[�h�e�_�_�� �� �f���� �g�_�k�Z�g�d�p�b�h�g�b�j�h�\�Z�g�g�u�o�� �k�\�Z�e�h�d���� �i�h�e�b�]�h�g�h�\�� �l�\�_�j�^�u�o�� �d�h�f�f�m�g�Z�e�v�g�u�o�� �b��
�i�j�h�f�u�r�e�_�g�g�u�o�� �h�l�o�h�^�h�\���� �^�_�i�h�g�b�j�h�\�Z�g�b�y�� �h�k�Z�^�d�h�\�� �k�l�h�q�g�u�o�� �\�h�^���� �i�h�^�a�_�f�g�u�o��
�o�j�Z�g�b�e�b�s�� �]�Z�a�Z���� �<�h�a�f�h�`�g�h�� �\�u�i�h�e�g�_�g�b�_�� �^�Z�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �g�Z�� �m�q�Z�k�l�d�Z�o��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �i�j�b�j�h�^�g�u�o�� �h�j�]�Z�g�h�f�b�g�_�j�Z�e�v�g�u�o�� �b�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �]�j�m�g�l�h�\�� ���i�j�b��
�h�[�h�k�g�h�\�Z�g�b�b�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �i�j�h�\�_�^�_�g�b�y�� �l�Z�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�� �i�j�h�]�j�Z�f�f�_��
�j�Z�[�h�l�����>�������i�� 5.18.1]. 

�>�Z�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�d�e�x�q�Z�x�l�� �h�[�r�b�j�g�u�c�� �d�h�f�i�e�_�d�k�� �j�Z�[�h�l���� �d�� �i�j�b�f�_�j�m����
�i�j�b�� �h�p�_�g�d�_�� �i�h�l�_�g�p�b�Z�e�v�g�h�c�� �j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �b�� �h�i�j�_�^�_�e�_�g�b�b��
�b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �^�e�y�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �i�j�h�l�b�\�h�j�Z�^�h�g�h�\�h�c�� �a�Z�s�b�l�u�� �\�u�i�h�e�g�y�x�l��
�d�h�f�i�e�_�d�k���j�Z�[�h�l�� 

�± �i�h�e�_�\�u�_�� �b�a�f�_�j�_�g�b�y�� �i�e�h�l�g�h�k�l�b�� �i�h�l�h�d�Z�� �j�Z�^�h�g�Z�� �k�� �i�h�\�_�j�o�g�h�k�l�b�� �]�j�m�g�l�Z��
�k�h�]�e�Z�k�g�h���>1�����i�� �������@���g�Z���m�q�Z�k�l�d�_���i�e�Z�g�b�j�m�_�f�h�c���a�Z�k�l�j�h�c�d�b���k�h�]�e�Z�k�g�h���>2�����i�� 6.2]; 

�± �h�l�[�h�j���i�j�h�[���]�j�m�g�l�Z���b�a���j�Z�a�g�h�j�h�^�g�u�o���e�b�l�h�e�h�]�b�q�_�k�d�b�o���k�e�h�_�\���\���i�j�h�[�m�j�_�g�g�u�o��
�g�Z�� �m�q�Z�k�l�d�_�� �k�d�\�Z�`�b�g�Z�o�� ���a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �i�h�q�\�_�g�g�h-�j�Z�k�l�b�l�_�e�v�g�h�]�h�� �k�e�h�y���� �b��
�i�j�h�\�_�^�_�g�b�_���e�Z�[�h�j�Z�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c���b�o���j�Z�^�b�Z�p�b�h�g�g�h-�n�b�a�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

�± �j�Z�k�q�_�l�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_���i�e�h�l�g�h�k�l�b�� �i�h�l�h�d�Z�� �j�Z�^�h�g�Z�� �k�h�]�e�Z�k�g�h�� �>1���� �i�� �������@�� �g�Z��
�m�q�Z�k�l�d�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�Z�g�g�u�o���h�� �j�Z�^�b�Z�p�b�h�g�g�h-�n�b�a�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o��
�]�j�m�g�l�h�\���\���]�_�h�e�h�]�b�q�_�k�d�h�f���j�Z�a�j�_�a�_�� 

�± �\�u�y�\�e�_�g�b�_���Z�g�h�f�Z�e�v�g�h���\�u�k�h�d�b�o���i�h�l�h�d�h�\���j�Z�^�h�g�Z���b�a���]�j�m�g�l�Z���i�h���j�_�a�m�e�v�l�Z�l�Z�f��
�k�h�i�h�k�l�Z�\�e�_�g�b�y���b�a�f�_�j�_�g�g�u�o���b���j�Z�k�q�_�l�g�u�o���a�g�Z�q�_�g�b�c���i�e�h�l�g�h�k�l�b���i�h�l�h�d�Z���j�Z�^�h�g�Z�� 

�± �h�p�_�g�d�m�� �k�h�h�l�\�_�l�k�l�\�b�y�� �i�h�d�Z�a�Z�l�_�e�_�c�� �j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b�� �m�q�Z�k�l�d�Z��
�m�k�l�Z�g�h�\�e�_�g�g�u�f���l�j�_�[�h�\�Z�g�b�y�f�� 

�I�_�j�_�q�_�g�v�� �j�Z�[�h�l�� �b�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �k�h�k�l�Z�\�m�� �j�Z�[�h�l���� �\�u�i�h�e�g�y�_�f�u�o�� �\�� �j�Z�f�d�Z�o��
�]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�� �K�I�� ���������������������������������� �>���@�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
�K�I 11-102-�������©�B�g�`�_�g�_�j�g�u�_���b�a�u�k�d�Z�g�b�y���^�e�y���k�l�j�h�b�l�_�e�v�k�l�\�Z�ª���>���@���l�Z�d�`�_���k�m�s�_�k�l�\�_�g�g�h��
�j�Z�k�r�b�j�_�g�u�����]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y���k�h�]�e�Z�k�g�h���>�������i�� ���������@���\�d�e�x�q�Z�x�l�� 

�± �r�i�m�j�h�\�m�x���k�t�_�f�d�m�� 
�± �w�f�b�k�k�b�h�g�g�m�x���k�t�_�f�d�m�� 
�± �h�l�[�h�j���i�j�h�[���]�j�m�g�l�h�\�h�]�h���\�h�a�^�m�o�Z���b���i�j�b�a�_�f�g�h�c���Z�l�f�h�k�n�_�j�u�� 
�± �k�d�\�Z�`�b�g�g�u�_�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ���k�� �i�h�]�e�m�[�b�g�g�u�f�� �h�l�[�h�j�h�f��

�i�j�h�[���k�\�h�[�h�^�g�h�]�h���]�j�m�g�l�h�\�h�]�h���\�h�a�^�m�o�Z���� 
�± �k�d�\�Z�`�b�g�g�u�_�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ���k�� �h�l�[�h�j�h�f�� �i�j�h�[��

�]�j�m�g�l�h�\�h�]�h���\�h�a�^�m�o�Z���b�a-�i�h�^���g�Z�d�h�i�b�l�_�e�v�g�h�]�h���d�h�e�i�Z�d�Z���� 
�± �j�Z�k�q�_�l���^�_�[�b�l�Z���[�b�h�]�Z�a�Z���b�a���k�d�\�Z�`�b�g�� 
�± �h�i�j�_�^�_�e�_�g�b�_���w�f�b�k�k�b�b���[�b�h�]�Z�a�Z���b�a���]�j�m�g�l�h�\�h�]�h���f�Z�k�k�b�\�Z�� 
�± �e�Z�[�h�j�Z�l�h�j�g�h�_���h�i�j�_�^�_�e�_�g�b�_���]�Z�a�h�]�_�g�_�j�Z�p�b�h�g�g�h�c���k�i�h�k�h�[�g�h�k�l�b���]�j�m�g�l�h�\�� 
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�± �e�Z�[�h�j�Z�l�h�j�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �d�h�f�i�h�g�_�g�l�g�h�]�h�� �k�h�k�l�Z�\�Z�� �k�\�h�[�h�^�g�h�]�h��
�]�j�m�g�l�h�\�h�]�h���\�h�a�^�m�o�Z�� 

�± �e�Z�[�h�j�Z�l�h�j�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���]�Z�a�h�\�h�c���n�Z�a�u���]�j�m�g�l�h�\���b���[�b�h�]�Z�a�Z�� 
�G�Z�� �h�k�g�h�\�Z�g�b�b�� �h�i�u�l�Z�� �i�j�h�\�_�^�_�g�b�y�� �b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c��

�g�Z�f�b�� �h�l�f�_�q�_�g�h���� �q�l�h�� �h�k�g�h�\�g�u�f�b�� �i�j�b�q�b�g�Z�f�b�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �i�j�h�b�a�\�h�^�k�l�\�Z��
�]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c���g�Z���l�_�j�j�b�l�h�j�b�y�o���^�_�c�k�l�\�m�x�s�b�o���i�j�h�f�u�r�e�_�g�g�u�o��
�i�j�_�^�i�j�b�y�l�b�c�����y�\�e�y�x�l�k�y�� 

�± �g�Z�e�b�q�b�_�� �g�Z�k�u�i�g�u�o�� �]�j�m�g�l�h�\�� �k�� �i�j�b�f�_�k�y�f�b�� �k�l�j�h�b�l�_�e�v�g�h�]�h�� �f�m�k�h�j�Z��
�f�h�s�g�h�k�l�v�x���[�h�e�_�_�������f�� 

�± �g�Z�e�b�q�b�_���]�j�m�g�l�h�\���k���\�d�e�x�q�_�g�b�_�f���h�j�]�Z�g�b�q�_�k�d�h�]�h���\�_�s�_�k�l�\�Z�� 
�<�u�\�h�^�u�� �h�� �g�Z�e�b�q�b�b�� �g�Z�k�u�i�g�u�o�� �]�j�m�g�l�h�\�� �g�Z�� �m�q�Z�k�l�d�_�� �i�j�b�g�b�f�Z�x�l�k�y�� �i�h��

�j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �[�m�j�h�\�u�o�� �]�_�h�e�h�]�b�q�_�k�d�b�o�� �`�m�j�g�Z�e�h�\�� �b�� �\�� �i�h�k�e�_�^�m�x�s�_�f����
�]�_�h�e�h�]�h-�e�b�l�h�e�h�]�b�q�_�k�d�b�o���d�h�e�h�g�h�d���k�d�\�Z�`�b�g�����j�b�k�� 1). 

�,�� �<�� �i�_�j�\�u�c�� �w�l�Z�i�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b���i�j�_�^�e�Z�]�Z�_�l�k�y�� �\�d�e�x�q�b�l�v����
�i�h�e�_�\�u�_���b�a�f�_�j�_�g�b�y���i�e�h�l�g�h�k�l�b���i�h�l�h�d�Z���j�Z�^�h�g�Z�����h�p�_�g�d�m���k�h�h�l�\�_�l�k�l�\�b�y���i�h�d�Z�a�Z�l�_�e�_�c��
�j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b�� �m�q�Z�k�l�d�Z�� �m�k�l�Z�g�h�\�e�_�g�g�u�f�� �l�j�_�[�h�\�Z�g�b�y�f���� �<�� �k�e�m�q�Z�_�� �h�[�g�Z�j�m�`�_�g�b�y��
�j�Z�^�b�Z�p�b�h�g�g�u�o�� �Z�g�h�f�Z�e�b�c�� �i�j�h�\�h�^�b�l�v�� �\�l�h�j�h�c�� �w�l�Z�i�� �^�_�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\��
�h�[�t�_�f�_�����\�d�e�x�q�Z�x�s�_�f���h�l�[�h�j���i�j�h�[���]�j�m�g�l�Z�����b���i�j�h�\�_�^�_�g�b�_���e�Z�[�h�j�Z�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c��
�b�o�� �j�Z�^�b�Z�p�b�h�g�g�h���n�b�a�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �j�Z�k�q�_�l�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �i�e�h�l�g�h�k�l�b��
�i�h�l�h�d�Z���j�Z�^�h�g�Z�����\�u�y�\�e�_�g�b�_���Z�g�h�f�Z�e�v�g�h���\�u�k�h�d�b�o���i�h�l�h�d�h�\���j�Z�^�h�g�Z�� 

�<���k�\�y�a�b���k���\�u�r�_�b�a�e�h�`�_�g�g�u�f�����i�j�_�^�e�Z�]�Z�_�l�k�y���\�g�_�k�_�g�b�_���k�e�_�^�m�x�s�b�o���b�a�f�_�g�_�g�b�c��
�\���>�������i�� 5.15.12.2]: 

�©�i�j�b�� �h�p�_�g�d�_�� �i�h�l�_�g�p�b�Z�e�v�g�h�c�� �j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �b�� �h�i�j�_�^�_�e�_�g�b�b��
�b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �^�e�y�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �i�j�h�l�b�\�h�j�Z�^�h�g�h�\�h�c�� �a�Z�s�b�l�u�� �g�Z�� �i�_�j�\�h�f��
�w�l�Z�i�_���b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o���b�a�u�k�d�Z�g�b�c���\�u�i�h�e�g�y�x�l�� 

�± �i�h�e�_�\�u�_�� �b�a�f�_�j�_�g�b�y�� �i�e�h�l�g�h�k�l�b�� �i�h�l�h�d�Z�� �j�Z�^�h�g�Z�� �k�� �i�h�\�_�j�o�g�h�k�l�b�� �]�j�m�g�l�Z��
�k�h�]�e�Z�k�g�h���>1�����i�� �������@���g�Z���m�q�Z�k�l�d�_���i�e�Z�g�b�j�m�_�f�h�c���a�Z�k�l�j�h�c�d�b���\���k�h�h�l�\�_�l�k�l�\�b�b���k���>2�����i�� 6.2]; 

�± �h�p�_�g�d�m�� �k�h�h�l�\�_�l�k�l�\�b�y�� �i�h�d�Z�a�Z�l�_�e�_�c�� �j�Z�^�h�g�h�h�i�Z�k�g�h�k�l�b�� �m�q�Z�k�l�d�Z��
�m�k�l�Z�g�h�\�e�_�g�g�u�f���l�j�_�[�h�\�Z�g�b�y�f�� 

�<�� �k�e�m�q�Z�_�� �\�u�y�\�e�_�g�b�y�� �j�Z�^�b�Z�p�b�h�g�g�u�o�� �Z�g�h�f�Z�e�b�c�� ���i�h�\�u�r�_�g�g�h�]�h�� �n�h�g�Z������ �g�Z��
�\�l�h�j�h�f���w�l�Z�i�_���b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o���b�a�u�k�d�Z�g�b�c���^�h�i�h�e�g�b�l�_�e�v�g�h���\�u�i�h�e�g�y�x�l�� 

�± �h�l�[�h�j���i�j�h�[���]�j�m�g�l�Z���b�a���j�Z�a�g�h�j�h�^�g�u�o���e�b�l�h�e�h�]�b�q�_�k�d�b�o���k�e�h�_�\���\���i�j�h�[�m�j�_�g�g�u�o��
�g�Z�� �m�q�Z�k�l�d�_�� �k�d�\�Z�`�b�g�Z�o�� ���a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �i�h�q�\�_�g�g�h-�j�Z�k�l�b�l�_�e�v�g�h�]�h�� �k�e�h�y���� �b��
�i�j�h�\�_�^�_�g�b�_���e�Z�[�h�j�Z�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c���b�o���j�Z�^�b�Z�p�b�h�g�g�h-�n�b�a�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

�± �j�Z�k�q�_�l�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �i�e�h�l�g�h�k�l�b�� �i�h�l�h�d�Z�� �j�Z�^�h�g�Z�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �>1, 
�i�� �������@�� �g�Z�� �m�q�Z�k�l�d�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�Z�g�g�u�o�� �h�� �j�Z�^�b�Z�p�b�h�g�g�h-�n�b�a�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o���]�j�m�g�l�h�\���\���]�_�h�e�h�]�b�q�_�k�d�h�f���j�Z�a�j�_�a�_�� 

�± �\�u�y�\�e�_�g�b�_���Z�g�h�f�Z�e�v�g�h���\�u�k�h�d�b�o���i�h�l�h�d�h�\���j�Z�^�h�g�Z���b�a���]�j�m�g�l�Z���i�h���j�_�a�m�e�v�l�Z�l�Z�f��
�k�h�i�h�k�l�Z�\�e�_�g�b�y���b�a�f�_�j�_�g�g�u�o���b���j�Z�k�q�_�l�g�u�o���a�g�Z�q�_�g�b�c���i�e�h�l�g�h�k�l�b���i�h�l�h�d�Z���j�Z�^�h�g�Z�ª�� 

II . �<���i�_�j�\�u�c���w�l�Z�i���]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c���i�j�_�^�e�Z�]�Z�_�l�k�y���\�d�e�x�q�b�l�v��
�i�_�j�_�q�_�g�v�� �\�b�^�h�\�� �j�Z�[�h�l���� �r�i�m�j�h�\�Z�y�� �k�t�_�f�d�Z���� �h�l�[�h�j�� �i�j�h�[�� �]�j�m�g�l�h�\�h�]�h�� �\�h�a�^�m�o�Z�� �b��
�i�j�b�a�_�f�g�h�c�� �Z�l�f�h�k�n�_�j�u���� �k�d�\�Z�`�b�g�g�u�_�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ���k��
�i�h�]�e�m�[�b�g�g�u�f�� �h�l�[�h�j�h�f�� �i�j�h�[�� �k�\�h�[�h�^�g�h�]�h�� �]�j�m�g�l�h�\�h�]�h�� �\�h�a�^�m�o�Z������ �h�p�_�g�d�m��
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�k�h�h�l�\�_�l�k�l�\�b�y�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �m�q�Z�k�l�d�Z�� �m�k�l�Z�g�h�\�e�_�g�g�u�f��
�l�j�_�[�h�\�Z�g�b�y�f���� �<�� �k�e�m�q�Z�_�� �h�[�g�Z�j�m�`�_�g�b�y�� �i�h�\�u�r�_�g�g�u�o�� �m�j�h�\�g�_�c�� �k�h�^�_�j�`�Z�g�b�y�� �]�Z�a�Z��
�k�e�_�^�m�_�l���i�j�h�\�h�^�b�l�v���\�l�h�j�h�c���w�l�Z�i���^�_�l�Z�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���\���h�[�t�_�f�_�����\�d�e�x�q�Z�x�s�_�f��
�r�i�m�j�h�\�m�x�� �k�t�_�f�d�m���� �w�f�b�k�k�b�h�g�g�m�x�� �k�t�_�f�d�m���� �h�l�[�h�j�� �i�j�h�[���]�j�m�g�l�h�\�h�]�h�� �\�h�a�^�m�o�Z�� �b��
�i�j�b�a�_�f�g�h�c�� �Z�l�f�h�k�n�_�j�u���� �k�d�\�Z�`�b�g�g�u�_�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ���k��
�i�h�]�e�m�[�b�g�g�u�f�� �h�l�[�h�j�h�f�� �i�j�h�[�� �k�\�h�[�h�^�g�h�]�h�� �]�j�m�g�l�h�\�h�]�h�� �\�h�a�^�m�o�Z������ �h�p�_�g�d�m��
�k�h�h�l�\�_�l�k�l�\�b�y���]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���m�q�Z�k�l�d�Z�� 
 

 
 

�J�b�k�����������=�_�h�e�h�]�h-�e�b�l�h�e�h�]�b�q�_�k�d�Z�y���d�h�e�h�g�d�Z���k�d�\�Z�`�b�g�u���k���l�_�o�g�h�]�_�g�g�u�f�����g�Z�k�u�i�g�u�f�����]�j�m�g�l�h�f���k��
�\�d�e�x�q�_�g�b�_�f���k�l�j�h�b�l�_�e�v�g�h�]�h���f�m�k�h�j�Z�����f�h�s�g�h�k�l�v�x���[�h�e�_�_���� �f  

 
�<���k�\�y�a�b���k���\�u�r�_�b�a�e�h�`�_�g�g�u�f�����i�j�_�^�e�Z�]�Z�_�f���\�g�_�k�_�g�b�_���k�e�_�^�m�x�s�b�o���b�a�f�_�g�_�g�b�c��

�\���>�������i�� 5.18]: 
�<�� �k�h�k�l�Z�\�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�g�`�_�g�_�j�g�h-

�w�d�h�e�h�]�b�q�_�k�d�b�o���b�a�u�k�d�Z�g�b�c���\�d�e�x�q�b�l�v�����r�i�m�j�h�\�m�x���k�t�_�f�d�m�����h�l�[�h�j���i�j�h�[���]�j�m�g�l�h�\�h�]�h��
�\�h�a�^�m�o�Z���b���i�j�b�a�_�f�g�h�c���Z�l�f�h�k�n�_�j�u�����k�d�\�Z�`�b�g�g�u�_���]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y��
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���k�� �i�h�]�e�m�[�b�g�g�u�f�� �h�l�[�h�j�h�f�� �i�j�h�[�� �k�\�h�[�h�^�g�h�]�h�� �]�j�m�g�l�h�\�h�]�h�� �\�h�a�^�m�o�Z������ �h�p�_�g�d�m��
�k�h�h�l�\�_�l�k�l�\�b�y�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �m�q�Z�k�l�d�Z�� �m�k�l�Z�g�h�\�e�_�g�g�u�f��
�l�j�_�[�h�\�Z�g�b�y�f���� �I�j�b�� �\�u�i�h�e�g�_�g�b�b�� �k�d�\�Z�`�b�g�g�u�o�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c����
�r�i�m�j�h�\�m�x���k�t�_�f�d�m���^�h�i�m�k�d�Z�_�l�k�y���g�_���i�j�h�\�h�^�b�l�v�� 

�<�� �k�e�m�q�Z�_�� �\�u�y�\�e�_�g�b�y�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �Z�g�h�f�Z�e�b�c���� �g�Z�� �\�l�h�j�h�f�� �w�l�Z�i�_��
�b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c�� �\�u�i�h�e�g�y�l�v�� �k�d�\�Z�`�b�g�g�u�_��
�]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ���k�� �h�l�[�h�j�h�f�� �i�j�h�[�� �]�j�m�g�l�h�\�h�]�h�� �\�h�a�^�m�o�Z�� �b�a-�i�h�^��
�g�Z�d�h�i�b�l�_�e�v�g�h�]�h�� �d�h�e�i�Z�d�Z������ �j�Z�k�q�_�l�� �^�_�[�b�l�Z�� �[�b�h�]�Z�a�Z�� �b�a�� �k�d�\�Z�`�b�g���� �h�i�j�_�^�_�e�_�g�b�_��
�w�f�b�k�k�b�b�� �[�b�h�]�Z�a�Z�� �b�a�� �]�j�m�g�l�h�\�h�]�h�� �f�Z�k�k�b�\�Z���� �e�Z�[�h�j�Z�l�h�j�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_��
�]�Z�a�h�]�_�g�_�j�Z�p�b�h�g�g�h�c���k�i�h�k�h�[�g�h�k�l�b���]�j�m�g�l�h�\�����i�j�b���h�[�h�k�g�h�\�Z�g�b�b���\���i�j�h�]�j�Z�f�f�_���j�Z�[�h�l������
�>�h�i�m�k�d�Z�_�l�k�y�� �g�_�� �\�u�i�h�e�g�y�l�v�� �j�Z�[�h�l�u�� �\�l�h�j�h�]�h�� �w�l�Z�i�Z���� �_�k�e�b�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�_�j�\�h�]�h��
�w�l�Z�i�Z�� �j�Z�[�h�l�� �i�h�� �h�p�_�g�d�_�� �k�l�_�i�_�g�b�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�h�c�� �h�i�Z�k�g�h�k�l�b�� �l�_�j�j�b�l�h�j�b�b�� �g�_��
�\�u�y�\�e�_�g�u���]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_���Z�g�h�f�Z�e�b�b�� 

�<���d�Z�q�_�k�l�\�_���i�j�b�f�_�j�Z���i�j�_�^�e�Z�]�Z�_�f���j�Z�k�k�f�h�l�j�_�l�v���q�Z�k�l�g�u�c���k�e�m�q�Z�c���b�a���i�j�Z�d�l�b�d�b��
�i�j�h�b�a�\�h�^�k�l�\�Z�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �g�Z�� �h�^�g�h�f�� �b�a�� �d�j�m�i�g�u�o��
�g�_�n�l�_�o�b�f�b�q�_�k�d�b�o���i�j�_�^�i�j�b�y�l�b�c���J�_�k�i�m�[�e�b�d�b���L�Z�l�Z�j�k�l�Z�g�� 

�M�q�Z�k�l�h�d�� �j�Z�[�h�l�� �i�j�_�^�k�l�Z�\�e�y�e�� �k�h�[�h�c�� �i�j�h�f�u�r�e�_�g�g�m�x�� �l�_�j�j�b�l�h�j�b�x�� �k��
�i�h�l�_�g�p�b�Z�e�v�g�u�f�b�� �b�k�l�h�q�g�b�d�Z�f�b�� �a�Z�]�j�y�a�g�_�g�b�y�� �i�h�^�a�_�f�g�h�c�� �]�_�h�e�h�]�b�q�_�k�d�h�c�� �k�j�_�^�u����
�k�\�y�a�Z�g�g�u�f�b���k�� 

�± �g�Z�j�m�r�_�g�b�_�f�� �]�_�j�f�_�l�b�q�g�h�k�l�b�� �l�h�i�e�b�\�g�u�o�� �j�_�a�_�j�\�m�Z�j�h�\�� �b�� �i�h�^�a�_�f�g�u�o��
�g�_�n�l�_�i�j�h�^�m�d�l�h�i�j�h�\�h�^�h�\�����g�Z�k�h�k�g�h�c���k�l�Z�g�p�b�b�� 

�± �j�Z�a�h�\�u�o���i�j�h�e�b�\�h�\�����g�_���k�\�y�a�Z�g�g�u�o���k���i�_�j�_�l�Z�j�b�\�Z�g�b�_�f���b�a���`�_�e�_�a�g�h�^�h�j�h�`�g�u�o��
�b���Z�\�l�h�p�b�k�l�_�j�g���g�_�n�l�_�i�j�h�^�m�d�l�h�\�� 

�± �g�Z�k�u�i�g�u�f���]�j�m�g�l�h�f�����y�\�e�y�x�s�b�f�k�y���b�k�l�h�q�g�b�d�h�f���[�b�h�]�Z�a�Z�� 
�I�h�l�_�g�p�b�Z�e�v�g�h�� �h�i�Z�k�g�u�f�b�� �m�q�Z�k�l�d�Z�f�b�� �a�Z�]�j�y�a�g�_�g�b�y�� �]�j�m�g�l�h�\�� �g�Z�� �l�_�j�j�b�l�h�j�b�b��

�^�Z�g�g�h�c�� �i�j�h�f�u�r�e�_�g�g�h�c�� �a�h�g�u�� �y�\�e�y�x�l�k�y���� �k�e�b�\�g�u�_�� �`�_�e�_�a�g�h�^�h�j�h�`�g�u�_�� �w�k�l�Z�d�Z�^�u����
�g�Z�e�b�\�g�u�_���Z�\�l�h�w�k�l�Z�d�Z�^�u�����g�Z�k�h�k�g�u�_���k�l�Z�g�p�b�b�����l�j�m�[�h�i�j�h�\�h�^�u���b���_�f�d�h�k�l�b���^�e�y���o�j�Z�g�_�g�b�y��
�g�_�n�l�_�i�j�h�^�m�d�l�h�\���� �>�Z�g�g�u�_�� �h�[�t�_�d�l�u�� �g�Z�o�h�^�y�l�k�y�� �g�Z���f�b�g�b�f�Z�e�v�g�h�f�� �m�^�Z�e�_�g�b�b�� �h�d�h�e�h��
20 �f���h�l���m�q�Z�k�l�d�Z���i�j�h�\�_�^�_�g�b�y���b�g�`�_�g�_�j�g�h-�w�d�h�e�h�]�b�q�_�k�d�b�o���b�a�u�k�d�Z�g�b�c�� 

�K���p�_�e�v�x���b�a�m�q�_�g�b�y���]�e�m�[�b�g�g�h�c���k�l�j�m�d�l�m�j�u���]�Z�a�h�\�h�]�h���i�h�e�y���]�j�m�g�l�h�\�u�o���l�h�e�s���b��
�h�i�j�_�^�_�e�_�g�b�y�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�h�c�� �a�h�g�Z�e�v�g�h�k�l�b�� �j�Z�a�j�_�a�Z�� �k��
�\�u�^�_�e�_�g�b�_�f�� �\�� �f�Z�k�k�b�\�_�� �i�j�h�k�e�h�_�\�� �]�j�m�g�l�h�\�� �k�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �]�Z�a�h�]�_�g�_�j�Z�p�b�h�g�g�h�c��
�k�i�h�k�h�[�g�h�k�l�v�x���� �[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �d�h�l�h�j�u�_��
�\�d�e�x�q�Z�e�b�� �d�h�f�i�e�_�d�k�� �i�j�_�^�i�h�e�_�\�u�o���� �i�h�e�_�\�u�o�� �b�� �d�Z�f�_�j�Z�e�v�g�u�o�� �j�Z�[�h�l�� �^�e�y�� �j�_�r�_�g�b�y��
�h�k�g�h�\�g�u�o���a�Z�^�Z�q�� 

�<�u�i�h�e�g�_�g���i�j�_�^�i�h�e�_�\�h�c���Z�g�Z�e�b�a���i�j�b�j�h�^�g�u�o���m�k�e�h�\�b�c���j�Z�c�h�g�Z���b�k�k�e�_�^�h�\�Z�g�b�c���b��
�f�Z�l�_�j�b�Z�e�h�\�� �b�g�`�_�g�_�j�g�h-�]�_�h�e�h�]�b�q�_�k�d�b�o�� �b�a�u�k�d�Z�g�b�c���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�h�l�h�j�h�]�h��
�i�j�b�g�y�l�h�� �j�_�r�_�g�b�_�� �h�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �I�h��
�j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �[�u�e�h�� �i�h�^�l�\�_�j�`�^�_�g�h�� �g�Z�e�b�q�b�_�� �g�Z�� �b�k�k�e�_�^�m�_�f�h�c�� �l�_�j�j�b�l�h�j�b�b��
�g�Z�k�u�i�g�u�o�� �]�j�m�g�l�h�\�� �f�h�s�g�h�k�l�v�x�� �^�h�� �� �f���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �i�_�j�_�h�l�e�h�`�_�g�g�u�f��
�k�m�]�e�b�g�d�h�f���b���]�e�b�g�h�c�� 

�<���o�h�^�_���i�h�e�_�\�h�]�h���w�l�Z�i�Z���j�Z�[�h�l���i�j�h�\�_�^�_�g�Z���]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�Z�y���k�t�_�f�d�Z�����d�h�l�h�j�Z�y��
�\�d�e�x�q�Z�e�Z�� �h�i�j�_�^�_�e�_�g�b�_�� �w�f�b�k�k�b�b�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �f�_�l�Z�g�Z���� �^�b�h�d�k�b�^�Z�� �m�]�e�_�j�h�^�Z����
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�d�b�k�e�h�j�h�^�Z�� �b�� �\�h�^�h�j�h�^�Z�� �\�� �]�j�m�g�l�h�\�h�f�� �\�h�a�^�m�o�_�� �k�� �i�h�f�h�s�v�x�� �i�h�\�_�j�_�g�g�u�o��
�]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�h�\�����]�Z�a�h�\�Z�y���k�t�_�f�d�Z���i�j�b�a�_�f�g�h�c���Z�l�f�h�k�n�_�j�u�� 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �]�Z�a�h�\�h�c�� �k�t�_�f�d�b�� �i�j�b�a�_�f�g�h�c�� �Z�l�f�h�k�n�_�j�u�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h��
�w�f�b�k�k�b�y���[�b�h�]�Z�a�Z���\���Z�l�f�h�k�n�_�j�m���i�j�Z�d�l�b�q�_�k�d�b���g�_���\�u�j�Z�`�_�g�Z�����i�j�_�\�u�r�_�g�b�c���i�j�_�^�_�e�v�g�h-
�^�h�i�m�k�l�b�f�u�o���d�h�g�p�_�g�l�j�Z�p�b�c���f�_�l�Z�g�Z�����^�b�h�d�k�b�^�Z���m�]�e�_�j�h�^�Z�����d�b�k�e�h�j�h�^�Z���b���\�h�^�h�j�h�^�Z���g�_��
�h�[�g�Z�j�m�`�_�g�h�����K�e�_�^�m�x�s�b�f���w�l�Z�i�h�f���i�j�h�\�h�^�b�e�b�k�v �k�d�\�Z�`�b�g�g�u�_���b�a�f�_�j�_�g�b�y�� 

�F�_�k�l�h�i�h�e�h�`�_�g�b�_�� �b�� �d�h�e�b�q�_�k�l�\�h�� �k�d�\�Z�`�b�g�� �������� �r�l�������� �h�i�j�_�^�_�e�_�g�h�� �k�� �m�q�_�l�h�f��
�i�e�h�s�Z�^�b�� �b�� �d�h�g�n�b�]�m�j�Z�p�b�b�� �h�[�t�_�d�l�Z���� �f�h�s�g�h�k�l�b�� �g�Z�k�u�i�g�u�o�� �]�j�m�g�l�h�\����
�i�j�h�f�u�r�e�_�g�g�h�]�h���g�Z�a�g�Z�q�_�g�b�y���l�_�j�j�b�l�h�j�b�b�� 

�H�l�[�h�j���]�j�m�g�l�h�\�h�]�h���\�h�a�^�m�o�Z���b�a���k�d�\�Z�`�b�g���h�k�m�s�_�k�l�\�e�y�e�k�y���i�h�k�e�h�c�g�h���g�Z���]�e�m�[�b�g�m��
�^�h�� �� �f�� �h�l�� �i�h�\�_�j�o�g�h�k�l�b���� �g�Z�� �\�k�x�� �f�h�s�g�h�k�l�v�� �g�Z�k�u�i�g�u�o�� �]�j�m�g�l�h�\�� �b�e�b�� �^�h��
�m�k�l�Z�g�h�\�b�\�r�_�]�h�k�y�� �m�j�h�\�g�y�� �i�h�^�a�_�f�g�u�o�� �\�h�^�� �k�� �b�g�l�_�j�\�Z�e�h�f�� �h�l�[�h�j�Z�� �\�� �������� �f���� �q�l�h��
�i�h�a�\�h�e�b�e�h���k�m�^�b�l�v���h�[���b�g�l�_�g�k�b�\�g�h�k�l�b���w�f�Z�g�Z�p�b�b���]�Z�a�Z���j�Z�a�j�_�a�Z�� 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �Z�g�Z�e�b�a�Z�� �o�Z�j�Z�d�l�_�j�Z�� �b�a�f�_�g�_�g�b�c�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �h�k�g�h�\�g�u�o��
�d�h�f�i�h�g�_�g�l�h�\�� �[�b�h�]�Z�a�Z�� �\�� �]�j�m�g�l�Z�o�� �k�� �]�e�m�[�b�g�h�c�� �\�u�y�\�e�_�g�h�� �g�Z�e�b�q�b�_�� �h�i�Z�k�g�u�o��
�d�h�g�p�_�g�l�j�Z�p�b�c�� �f�_�l�Z�g�Z�� �b�� �^�b�h�d�k�b�^�Z�� �m�]�e�_�j�h�^�Z�� �g�Z�� �]�e�m�[�b�g�_�� ���� �f�� �^�h�k�l�b�]�Z�y�� �h�i�Z�k�g�u�o��
�a�g�Z�q�_�g�b�c�����j�b�k�� ���������I�j�b���w�l�h�f���j�h�k�l���d�h�g�p�_�g�l�j�Z�p�b�c���k���]�e�m�[�b�g�h�c���g�_���g�h�k�b�l���h�[�e�b�]�Z�l�g�h�]�h��
�o�Z�j�Z�d�l�_�j�Z���\���d�Z�`�^�h�f���k�e�m�q�Z�_�� 
 

 
 

�J�b�k�����������J�_�a�m�e�v�l�Z�l�u���b�a�f�_�j�_�g�b�c���k�l�_�i�_�g�b���]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�h�c���h�i�Z�k�g�h�k�l�b�����i�h���&�+4) �]�j�m�g�l�h�\���\��
�g�Z�[�e�x�^�Z�l�_�e�v�g�u�o���k�d�\�Z�`�b�g�Z�o�����L�Z�l�Z�j�k�l�Z�g������������ �]���� 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
 

145 

�G�Z�b�[�h�e�_�_���Z�d�l�b�\�g�Z�y���]�Z�a�h�]�_�g�_�j�Z�p�b�y���f�_�l�Z�g�Z���\�u�y�\�e�_�g�Z���\���g�Z�k�u�i�g�u�o���]�j�m�g�l�Z�o�����\��
�p�_�g�l�j�Z�e�v�g�h�c�� �b�� �\�h�k�l�h�q�g�h�c�� �q�Z�k�l�b�� �m�q�Z�k�l�d�Z���� �<�� �_�k�l�_�k�l�\�_�g�g�u�o�� �i�h�^�k�l�b�e�Z�x�s�b�o��
�h�l�e�h�`�_�g�b�y�o���� �\�� �a�Z�i�Z�^�g�h�c�� �q�Z�k�l�b�� �i�e�h�s�Z�^�d�b���� �d�h�g�p�_�g�l�j�Z�p�b�b�� �b�k�k�e�_�^�m�_�f�u�o�� �]�Z�a�h�\���g�_��
�i�j�_�\�u�r�Z�x�l���n�h�g�h�\�u�o���a�g�Z�q�_�g�b�c�� 

�B�a�f�_�j�_�g�b�_���k�h�^�_�j�`�Z�g�b�y���f�_�l�Z�g�Z���\���k�d�\�Z�`�b�g�Z�o���i�h�d�Z�a�u�\�Z�_�l���a�g�Z�q�b�l�_�e�v�g�u�_���_�]�h��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �! ���������� �h�[���� ���k�d�\���� �‹ �������� �������� �g�Z�� �]�e�m�[�b�g�_�� �^�h�� �� �f���� �q�l�h�� �h�^�g�h�a�g�Z�q�g�h��
�m�d�Z�a�u�\�Z�_�l���g�Z���b�k�l�h�q�g�b�d���± �]�Z�a�h�]�_�g�_�j�b�j�m�x�s�b�c���g�Z�k�u�i�g�h�c���]�j�m�g�l�� 

�K�� �p�_�e�v�x�� �h�i�j�_�^�_�e�_�g�b�y�� �^�_�[�b�l�Z�� �[�b�h�]�Z�a�Z�� �b�a�� �k�d�\�Z�`�b�g���� �i�j�h�\�_�^�_�g�� �i�h�\�l�h�j�g�u�c��
�a�Z�f�_�j�� �\�� �q�_�l�u�j�_�o�� �k�d�\�Z�`�b�g�Z�o���� �H�l�[�h�j�� �]�Z�a�h�\�u�o�� �i�j�h�[�� �\�u�i�h�e�g�y�e�k�y�� �i�h�k�e�h�c�g�h�� �q�_�j�_�a��
�d�Z�`�^�u�c�� �f�_�l�j���� �I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �i�h�e�_�\�u�o�� �]�Z�a�h�]�_�h�o�b�f�b�q�_�k�d�b�o�� �b�k�i�u�l�Z�g�b�c�� �\��
�k�d�\�Z�`�b�g�Z�o���k�j�Z�a�m���i�h���h�d�h�g�q�Z�g�b�x���[�m�j�_�g�b�y���b���i�_�j�\�b�q�g�u�o���b�a�f�_�j�_�g�b�c���[�u�e���m�k�l�Z�g�h�\�e�_�g��
�d�h�e�i�Z�d���� �i�h�\�l�h�j�g�u�_�� �b�a�f�_�j�_�g�b�y�� �\�u�i�h�e�g�y�e�b�k�v�� �q�_�j�_�a�� ������ �q���� �I�h�� �j�_�a�m�e�v�l�Z�l�Z�f��
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ON THE ISSUE OF ORGANIZING THE APPROACH TO CONDUCTING 
RESEARCH OF RADON HAZARDS AND GAS GEOCHEMICAL STUDIES 

OF SOILS OF INDUSTRIAL FACILITIES DURING  
ENGINEERING -ECOLOGICAL  SURVEYS FOR THE DEVELOPMENT  

OF DESIGN DOCUMENTATION AND PROPOSALS  
FOR SP 502.1325800.2021 REGULATIONS CORRECTION  

 
Annotation. Organizing and conducting studies of radon hazards and gas geochemical studies of 
soils in the survey area, taking into account the identification of stages of work, will allow optimizing 
the timing and budget of work, subject to amendments to SP 502.13258���������������� �³Engineering 
environmental survey for construction. General regulations for execution of work�´�� establishing 
requirements for the performance of work during engineering-ecological surveys. 
Key words: engineering-ecological surveys; instrumental studies; radon hazard study; gas 
geochemical study; stages of work.  
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�\�_�j�o�g�_�c�� �h�]�b�[�Z�x�s�_�c�� �f�Z�k�k�b�\�Z�� �l�h�q�_�d���� �I�j�b�g�y�\�� �w�l�h�� �a�g�Z�q�_�g�b�_��p �\�� �n�h�j�f�m�e�_�� �������� �k��
�g�_�d�h�l�h�j�u�f���a�Z�i�Z�k�h�f���f�h�`�g�h���i�h�e�m�q�b�l�v���k�e�_�^�m�x�s�_�_���m�j�Z�\�g�_�g�b�_ 

 
�3�Ò
L �G�Ò�Ó�®�$�®�* �7 �6�¤ ,     (3) 

 
�]�^�_��k�i�j �± �d�h�w�n�n�b�p�b�_�g�l���i�j�h�j�u�\�Z����k�i�j  = 0,75). 

�N�h�j�f�m�e�Z�� �������� �k�� �m�q�_�l�h�f�� �l�h�]�h���� �q�l�h�� �r�b�j�b�g�Z�� �i�j�h�j�Z�g�Z��b�i�j  = k�i�j �B̃, �f�h�`�_�l���[�u�l�v��
�a�Z�i�b�k�Z�g�Z���\���\�b�^�_: 

 
�3�Ò
L �>�Ò�Ó�®�* �7 �6�¤ .      (4) 

 
�E���E�� �E�b�r�l�\�Z�g�h�f�� �\�� �w�l�h�c�� �k�l�Z�l�v�_�� �^�Z�g�Z�� �n�h�j�f�m�e�Z�� �^�e�y�� �j�Z�k�q�_�l�Z�� �\�j�_�f�_�g�b��

�h�i�h�j�h�`�g�_�g�b�y��tp �i�j�b�� �i�j�_�^�k�l�Z�\�e�_�g�b�b�� �]�b�^�j�h�]�j�Z�n�Z�� �\�� �\�b�^�_�� �i�j�y�f�h�m�]�h�e�v�g�h�]�h��
�l�j�_�m�]�h�e�v�g�b�d�Z�� �k�� �i�j�b�g�y�l�b�_�f�� �h�[�t�_�f�Z�� �i�j�h�j�u�\�g�h�]�h�� �i�Z�\�h�^�d�Z�� �j�Z�\�g�u�f�� �h�[�t�_�f�m��
�\�h�^�h�o�j�Z�g�b�e�b�s�Z���i�_�j�_�^���i�j�h�j�u�\�h�f��W0 

 
�P�ã 
L

�6�Ð�,

�Ê�Ò
.      (5) 

 
�<���g�_�c���l�Z�d�`�_���i�j�b�\�_�^�_�g�Z���f�_�l�h�^�b�d�Z���j�Z�k�q�_�l�Z���j�Z�k�o�h�^�Z���i�j�h�j�u�\�Z���g�Z���j�Z�k�k�l�h�y�g�b�b��L 

�h�l���k�l�\�h�j�Z���i�e�h�l�b�g�u��Q�i�g: 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 

�]�����F�h�k�d�\�Z�����������g�h�y�[�j�y���Å 1 �^�_�d�Z�[�j�y��������3 �]�� 
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�3�Ò�Ð
L
�6�Ð�,

�ç�Ò�>�¿�ç
.      (6) 

 
�A�^�_�k�v 

 
�¿�P
L

�Å

�Ï�.

F

�Å

�Ï�-
,     (7) 

 
�]�^�_��V1 �± �k�d�h�j�h�k�l�v�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�g�h�c�� �q�Z�k�l�b�� �\�h�e�g�u�� �i�Z�\�h�^�d�Z����V2 �± �k�d�h�j�h�k�l�v��
�^�\�b�`�_�g�b�y���\���d�h�g�p�_���\�h�e�g�u�����i�j�b���f�_�`�_�g�b���� 

�I�h�k�e�_���i�h�^�k�l�Z�g�h�\�d�b���������� �\�� �������� �b �k�� �m�q�_�l�h�f�� �l�h�]�h���� �q�l�h �ì 
L �r�á�w�®�@
�Å

�Ï�.

F

�Å

�Ï�-
�A���� �[�u�e�h��

�i�h�e�m�q�_�g�h���\�u�j�Z�`�_�g�b�_���^�e�y���j�Z�k�q�_�l�Z��Q�i�g: 
 

�3�Ò�Ð
L
�Ð�, �Ê�,

�Ð�, �>�Ê�Ò�®�Å�®��
.      (8) 

 
�<�_�e�b�q�b�g�Z���W �b�a�f�_�g�y�_�l�k�y���h�l�����������^�e�y���j�Z�\�g�b�g�g�u�o���j�_�d���^�h�������������^�e�y���]�h�j�g�u�o���j�_�d����

�F�_�l�h�^�b�d�Z�� �i�j�h�\�_�j�_�g�Z�� �^�e�y�� �i�e�h�l�b�g�u���� �i�j�h�j�\�Z�g�g�h�c�� �\�� ���������� �]���� �k�� �n�Z�d�l�b�q�_�k�d�b�f�b��
�^�Z�g�g�u�f�b���i�h���j�Z�k�o�h�^�Z�f���g�Z���j�Z�a�e�b�q�g�u�o���j�Z�k�k�l�h�y�g�b�y�o���h�l���i�e�h�l�b�g�u�����J�_�a�m�e�v�l�Z�l�u���j�Z�k�q�_�l�Z��
�i�h�d�Z�a�Z�e�b���[�e�b�a�d�b�_���d���g�Z�l�m�j�g�u�f���^�Z�g�g�u�f���\�_�e�b�q�b�g�u���j�Z�k�o�h�^�Z. 

�F�_�l�h�^�b�d�Z���E���E�� �E�b�r�l�\�Z�g�Z���[�u�e�Z���b�a�e�h�`�_�g�Z���\���G�B�F�I-�������>���@���k���j�_�d�h�f�_�g�^�Z�p�b�_�c��
�i�h�� �d�h�w�n�n�b�p�b�_�g�l�m�� �\�� �n�h�j�f�m�e�_�� ��������k�i�j  = ���������� �^�e�y�� �k�l�Z�j�u�o�� �a�_�f�e�y�g�u�o�� �i�e�h�l�b�g�� �b��
k�i�j = �����������^�e�y���g�h�\�u�o���a�_�f�e�y�g�u�o���i�e�h�l�b�g��V �d�e�Z�k�k�Z���\���m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�o���m�k�e�h�\�b�y�o����
�H�g�Z�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �k�i�_�p�b�Z�e�b�k�l�Z�f�b�� �\�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �j�Z�k�q�_�l�Z�o��
���;���N�� �I�_�j�_�\�h�a�g�b�d�h�\���>���@���� 

�M�l�h�q�g�_�g�g�u�_�� �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�h�� �i�j�b�f�_�g�_�g�b�x�� �n�h�j�f�m�e�u�� �������� �^�Z�g�u�� �\��
�©�F�_�l�h�^�b�q�_�k�d�b�o�� �j�_�d�h�f�_�g�^�Z�p�b�y�o�� �i�h�� �h�i�j�_�^�_�e�_�g�b�x�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �i�j�b��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �i�_�j�_�o�h�^�h�\�� �q�_�j�_�a�� �\�h�^�h�l�h�d�b�� �\�� �a�h�g�_�� �\�h�a�^�_�c�k�l�\�b�y�� �g�_�d�Z�i�b�l�Z�e�v�g�u�o��
�i�e�h�l�b�g�ª�� �>���@���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �<���<�� �G�_�\�k�d�b�f���� �E���=�� �;�_�]�Z�f�h�f���� �E���E�� �E�b�r�l�\�Z�g�h�f����
�H���?�� �?�a�_�j�k�d�b�f�����<���k�h�h�l�\�_�l�k�l�\�b�b���k���w�l�b�f���^�h�d�m�f�_�g�l�h�f���a�g�Z�q�_�g�b�_��k�i�j �a�Z�\�b�k�b�l���h�l���^�e�b�g�u��
�i�e�h�l�b�g�u�� �b�� �d�h�e�_�[�e�_�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g�_�� ���������±������������ �H�k�g�h�\�g�u�_�� �i�h�e�h�`�_�g�b�y��
�f�_�l�h�^�b�q�_�k�d�b�o�� �j�_�d�h�f�_�g�^�Z�p�b�c�� �>���@�� �^�Z�g�u�� �\�� �i�h�k�h�[�b�b�� �I�F�I-������ �>�����@���� �y�\�e�y�x�s�b�f�k�y�� �\��
�g�Z�k�l�h�y�s�_�_���\�j�_�f�y���h�k�g�h�\�g�u�f���g�h�j�f�Z�l�b�\�g�u�f���l�_�o�g�b�q�_�k�d�b�f���^�h�d�m�f�_�g�l�h�f���\���i�j�Z�d�l�b�d�_��
�b�a�u�k�d�Z�l�_�e�v�k�d�b�o���h�j�]�Z�g�b�a�Z�p�b�c���l�j�Z�g�k�i�h�j�l�g�h�c���h�l�j�Z�k�e�b�� 

�:�g�Z�e�b�a���i�j�b�f�_�g�_�g�b�y���w�l�h�c���f�_�l�h�^�b�d�b  �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �g�Z���j�y�^�_�� �h�[�t�_�d�l�h�\�� �h�g�Z��
�^�Z�_�l�� �a�Z�\�u�r�_�g�g�u�_�� �a�g�Z�q�_�g�b�y�� �j�Z�k�o�h�^�Z�� �i�j�h�j�u�\�Z���� �l�j�_�[�m�x�s�b�_�� �i�j�b�g�y�l�b�y��
�^�h�i�h�e�g�b�l�_�e�v�g�u�o���k�l�j�h�b�l�_�e�v�g�u�o���j�_�r�_�g�b�c���g�Z���i�j�h�_�d�l�b�j�m�_�f�u�o���b���w�d�k�i�e�m�Z�l�b�j�m�_�f�u�o��
�k�h�h�j�m�`�_�g�b�y�o���� �<�� �g�Z�q�Z�e�_�� ��������-�o�� �]�]���� �E���E�� �E�b�r�l�\�Z�g���b�� �H���?�� �?�a�_�j�k�d�b�c�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�h�[�k�e�_�^�h�\�Z�g�b�y�� �g�_�k�d�h�e�v�d�b�o�� �k�h�l�_�g�� �f�Z�e�u�o�� �\�h�^�h�o�j�Z�g�b�e�b�s�� �b�� �i�j�m�^�h�\�� �x�]�h-�a�Z�i�Z�^�Z��
�M�d�j�Z�b�g�k�d�h�c���b���F�h�e�^�Z�\�k�d�h�c���K�K�J���i�j�_�^�e�h�`�b�e�b���i�h�g�b�a�b�l�v���d�h�w�n�n�b�p�b�_�g�l���^�h�����������±0,12 
�>���������@�����g�h���\���^�_�c�k�l�\�m�x�s�b�c���g�h�j�f�Z�l�b�\�g�u�c���l�_�o�g�b�q�_�k�d�b�c���^�h�d�m�f�_�g�l���w�l�b���i�j�_�^�e�h�`�_�g�b�y��
�g�_���\�h�r�e�b�� 



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 
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�<�� �i�h�k�e�_�^�g�_�_�� �\�j�_�f�y�� �j�y�^�� �k�i�_�p�b�Z�e�b�k�l�h�\�� �>�����@�� �\�� �o�h�^�_�� �h�p�_�g�d�b�� �j�Z�a�e�b�q�g�u�o��
�f�_�l�h�^�h�\�� �\�u�k�d�Z�a�Z�e�b�� �f�g�_�g�b�_�� �h�� �l�_�h�j�_�l�b�q�_�k�d�h�c�� �g�_�h�[�h�k�g�h�\�Z�g�g�h�k�l�b�� �f�_�l�h�^�b�d�b��
�E���E�� �E�b�r�l�\�Z�g�Z���� �h�^�g�Z�d�h�� �Z�\�l�h�j�u�� �g�Z�k�l�h�y�s�_�c�� �i�m�[�e�b�d�Z�p�b�b�� �k�q�b�l�Z�x�l���� �q�l�h�� �h�g�h��
�[�Z�a�b�j�m�_�l�k�y���g�Z���g�_�^�h�k�l�Z�l�h�q�g�h���]�e�m�[�h�d�h�f���a�g�Z�d�h�f�k�l�\�_���k���i�_�j�\�h�g�Z�q�Z�e�v�g�u�f���\�Z�j�b�Z�g�l�h�f��
�f�_�l�h�^�b�d�b�� 

�H�k�g�h�\�g�h�c���i�j�h�[�e�_�f�h�c���\���f�_�l�h�^�b�d�_���E���E�� �E�b�r�l�\�Z�g�Z���y�\�e�y�_�l�k�y���h�p�_�g�d�Z���r�b�j�b�g�u��
�i�j�h�j�Z�g�Z�� �\�� �e�b�g�_�c�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �^�e�b�g�u�� �i�e�h�l�b�g�u���� �\�a�y�l�h�c�� �i�h�� �\�_�j�o�g�_�c��
�h�]�b�[�Z�x�s�_�c�� �f�Z�k�k�b�\�Z�� �^�Z�g�g�u�o�� �i�h�� �i�j�h�j�\�Z�g�g�u�f�� �i�e�h�l�b�g�Z�f���� �:�g�Z�e�b�a�� �a�Z�\�b�k�b�f�h�k�l�b��
b�i�j  = f(B������ �i�h�k�l�j�h�_�g�g�h�c�� �i�h�� �^�Z�g�g�u�f�� �D�h�f�b�k�k�b�b�� �i�h�� �[�h�e�v�r�b�f�� �i�e�h�l�b�g�Z�f�� ��ICOLD), 
�f�Z�l�_�j�b�Z�e�Z�f�� �H���?�� �?�a�_�j�k�d�h�]�h�� �b�� �F���:�� �K�Z�f�h�o�b�g�Z�� ���j�b�k�� �������� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �^�e�y��
�g�_�d�Z�i�b�l�Z�e�v�g�u�o�� �a�_�f�e�y�g�u�o�� �i�e�h�l�b�g�� �g�Z�b�[�h�e�_�_�� �[�e�b�a�d�b�f�� �d�� �j�_�Z�e�v�g�h�k�l�b�� �y�\�e�y�_�l�k�y��
�a�g�Z�q�_�g�b�_��k�i�j  = �������������h�^�g�Z�d�h���j�Z�a�[�j�h�k���^�Z�g�g�u�o���\�_�e�b�d���b���\�h�a�g�b�d�Z�_�l���g�_�h�[�o�h�^�b�f�h�k�l�v���\��
�i�h�b�k�d�_���^�j�m�]�b�o���f�_�l�h�^�h�\���j�Z�k�q�_�l�Z���r�b�j�b�g�u���i�j�h�j�Z�g�Z�� 
 

 
 

�J�b�k�� 1. �A�Z�\�b�k�b�f�h�k�l�v���r�b�j�b�g�u���i�j�h�j�Z�g�Z���h�l���^�e�b�g�u���i�e�h�l�b�g�u���i�h���^�Z�g�g�u�f���E���E�� �E�b�r�l�\�Z�g�Z����
�H���?�� �?�a�_�j�k�d�h�]�h����ICOLD�����F���:�� �K�Z�f�h�o�b�g�Z 

 
�<�� �i�_�j�b�h�^�� ���������±���������� �]�]����ICOLD �k�h�a�^�Z�g�u�� �[�Z�a�u�� �^�Z�g�g�u�o�� �i�h�� �i�j�h�j�\�Z�g�g�u�f��

�i�e�h�l�b�g�Z�f���� �i�h�a�\�h�e�y�x�s�b�_�� �i�j�h�b�a�\�h�^�b�l�v�� �i�j�h�\�_�j�d�m�� �f�_�l�h�^�h�\�� �j�Z�k�q�_�l�Z�� �i�Z�j�Z�f�_�l�j�h�\��
�i�j�h�j�u�\�Z�� �>�������� �����@���� �F�Z�l�_�j�b�Z�e�u�� �w�l�h�c�� �[�Z�a�u�� �^�Z�g�g�u�o�� �k�e�m�`�Z�l�� �h�k�g�h�\�h�c�� �^�e�y�� �i�j�h�\�_�j�d�b��
�j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�b�d�� �j�Z�k�q�_�l�Z���� �<�� �k�b�e�m�� �h�k�h�[�_�g�g�h�k�l�_�c�� �i�h�e�m�q�_�g�b�y�� �w�l�b�o�� �^�Z�g�g�u�o�� �\��
�m�k�e�h�\�b�y�o�� �l�_�o�g�h�]�_�g�g�u�o�� �d�Z�l�Z�k�l�j�h�n�� �h�g�b�� �b�f�_�x�l�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �i�h�]�j�_�r�g�h�k�l�b���� �g�h�� 
�w�l�h���± �j�_�Z�e�v�g�u�_�����Z���g�_���e�Z�[�h�j�Z�l�h�j�g�u�_���^�Z�g�g�u�_�� 
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�;�h�e�v�r�h�c�� �f�Z�k�k�b�\�� �^�Z�g�g�u�o���i�h�� �i�j�h�j�u�\�Z�f�� �i�e�h�l�b�g���k�h�[�j�Z�g���b�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g��
�:���F�� �I�j�m�^�h�\�k�d�b�f�� �>�����@���� �G�Z�� �h�k�g�h�\�_�� �Z�g�Z�e�b�a�Z�� �w�l�b�o�� �^�Z�g�g�u�o�� �i�j�_�^�e�h�`�_�g�u��
�w�f�i�b�j�b�q�_�k�d�b�_�� �b�� �i�h�e�m�w�f�i�b�j�b�q�_�k�d�b�_�� �f�_�l�h�^�u�� �j�Z�k�q�_�l�Z�� �j�Z�k�o�h�^�h�\�� �b�� �w�e�_�f�_�g�l�h�\��
�i�j�h�j�\�Z�g�g�u�o���i�e�h�l�b�g�� 

�<�Z�`�g�h�c�� �a�Z�^�Z�q�_�c�� �f�_�l�h�^�b�d�b�� �j�Z�k�q�_�l�Z�� �y�\�e�y�_�l�k�y�� �g�Z�o�h�`�^�_�g�b�_�� �n�b�a�b�q�_�k�d�h�]�h��
�i�j�_�^�_�e�Z���r�b�j�b�g�u���i�j�h�j�Z�g�Z���b���j�Z�k�o�h�^�Z���h�l���i�j�h�j�u�\�Z���\�� �a�Z�\�b�k�b�f�h�k�l�b���h�l�� �d�h�g�k�l�j�m�d�p�b�b��
�i�e�h�l�b�g�u�����f�h�j�n�h�f�_�l�j�b�b���\�h�^�h�o�j�Z�g�b�e�b�s�Z�����o�Z�j�Z�d�l�_�j�b�k�l�b�d���j�m�k�e�Z���b���i�h�c�f�u���\�h�^�h�l�h�d�Z�� 

�>�e�y�� �\�u�y�k�g�_�g�b�y�� �n�b�a�b�q�_�k�d�h�]�h�� �i�j�_�^�_�e�Z�� �r�b�j�b�g�u�� �i�j�h�j�Z�g�Z�� �i�h�k�l�j�h�_�g�Z��
�a�Z�\�b�k�b�f�h�k�l�v�� �r�b�j�b�g�u�� �i�j�h�j�Z�g�Z���E�i�j ���h�l�� �\�u�k�h�l�u�� �i�e�h�l�b�g�u���K�i�e�����j�b�k�� �������� �A�Z�\�b�k�b�f�h�k�l�v��
�o�h�j�h�r�h���\�u�j�Z�`�_�g�Z���b���Z�i�i�j�h�d�k�b�f�b�j�m�_�l�k�y���n�h�j�f�m�e�h�c 
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�H�^�g�Z�d�h�� �d�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b�� �g�_�\�u�k�h�d�� �b���j�Z�a�[�j�h�k�� �l�h�q�_�d�� �^�h�k�l�Z�l�h�q�g�h��
�[�h�e�v�r�h�c���� �<�Z�`�g�h�_�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�_�� �a�g�Z�q�_�g�b�_�� �b�f�_�_�l�� �l�h�l�� �n�Z�d�l���� �q�l�h�� �r�b�j�b�g�Z��
�i�j�h�j�u�\�Z���n�b�a�b�q�_�k�d�b���h�]�j�Z�g�b�q�_�g�Z���i�y�l�b�d�j�Z�l�g�h�c���\�u�k�h�l�h�c���i�e�h�l�b�g�u�� 

�H�k�g�h�\�g�h�c�� �l�_�g�^�_�g�p�b�_�c�� �j�Z�a�\�b�l�b�y�� �f�_�l�h�^�h�\�� �j�Z�k�q�_�l�Z�� �j�Z�k�o�h�^�Z�� �i�j�h�j�u�\�Z�� �b��
�r�b�j�b�g�u�� �i�j�h�j�Z�g�Z�� �d�Z�d�� �\�� �J�N���� �l�Z�d�� �b�� �a�Z�� �j�m�[�_�`�h�f�� �y�\�e�y�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_��
�[�_�a�j�Z�a�f�_�j�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�� �w�f�i�b�j�b�q�_�k�d�b�� �h�i�j�_�^�_�e�y�_�f�u�f�b�� �d�h�g�k�l�Z�g�l�Z�f�b�� �>��������
15]. 
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�>�e�y�� �i�h�k�l�j�h�_�g�b�y�� �f�_�l�h�^�b�d�b�� �j�Z�k�q�_�l�Z�� �h�k�g�h�\�g�u�f�� �y�\�e�y�_�l�k�y�� �\�u�[�h�j�� �g�Z�b�[�h�e�_�_��
�\�Z�`�g�h�]�h���n�Z�d�l�h�j�Z�����\���g�Z�b�[�h�e�v�r�_�c���k�l�_�i�_�g�b���\�e�b�y�x�s�_�]�h���g�Z���r�b�j�b�g�m���i�j�h�j�u�\�Z�����:�g�Z�e�b�a��
�j�Z�[�h�l���a�Z�j�m�[�_�`�g�u�o���b�k�k�e�_�^�h�\�Z�l�_�e�_�c���i�h�d�Z�a�Z�e�����q�l�h���\���d�Z�q�_�k�l�\�_���l�Z�d�h�]�h���n�Z�d�l�h�j�Z���q�Z�k�l�h��
�\�u�[�b�j�Z�_�l�k�y���i�j�h�b�a�\�_�^�_�g�b�_���h�[�t�_�f�Z���\�h�^�h�o�j�Z�g�b�e�b�s�Z���i�_�j�_�^���i�j�h�j�u�\�h�f��Vw �g�Z���\�u�k�h�l�m��
�i�e�h�l�b�g�u��h�i�e �b�e�b�� �n�h�j�f-�n�Z�d�l�h�j�� �i�j�h�j�u�\�Z��BFF = Vw h�i�e���� �b�f�_�x�s�b�c�� �n�b�a�b�q�_�k�d�b�c��
�k�f�u�k�e���g�Z�d�h�i�e�_�g�g�h�c���i�h�l�_�g�p�b�Z�e�v�g�h�c���w�g�_�j�]�b�b���i�_�j�_�^���i�e�h�l�b�g�h�c���>�������������@�����B�a�m�q�_�g�b�_��
�j�Z�k�i�h�e�h�`�_�g�b�y�� �l�h�q�_�d�� ���j�b�k�� ������ �i�h�d�Z�a�Z�e�h���� �q�l�h�� �h�k�g�h�\�g�Z�y�� �q�Z�k�l�v�� �b�o�� �j�Z�k�i�h�e�Z�]�Z�_�l�k�y�� �\��
�i�j�_�^�_�e�Z�o���i�h�e�h�k�u���r ���������h�l���k�j�_�^�g�_�c���d�j�b�\�h�c�����Z���j�Z�k�q�_�l�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���b�f�_�_�l���\�b�^ 
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�>�Z�g�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �m�^�h�\�e�_�l�\�h�j�y�_�l�� �i�j�b�g�p�b�i�m�� �j�Z�a�f�_�j�g�h�k�l�_�c���� �b�f�_�_�l��
�k�j�Z�\�g�b�l�_�e�v�g�h���\�u�k�h�d�b�c���d�h�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b���U �  �����������b���f�h�`�_�l���b�k�i�h�e�v�a�h�\�Z�l�v�k�y��
�i�j�b���h�p�_�g�d�_���r�b�j�b�g�u���i�j�h�j�Z�g�Z�� 

 

 
 

�J�b�k�� 3. �A�Z�\�b�k�b�f�h�k�l�v���r�b�j�b�g�u���i�j�h�j�Z�g�Z���h�l���n�h�j�f-�n�Z�d�l�h�j�Z���%�)�)���i�h���^�Z�g�g�u�f���:���F�� �I�j�m�^�h�\�k�d�h�]�h 
 

�G�Z�j�y�^�m���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�h�j�f�m�e�u���E���E�� �E�b�r�l�\�Z�g�Z���\���a�Z�j�m�[�_�`�g�h�c���i�j�Z�d�l�b�d�_��
�b�k�i�h�e�v�a�m�x�l�k�y�� �n�h�j�f�m�e�u�� �^�j�m�]�h�c�� �k�l�j�m�d�l�m�j�u���� �i�h�e�m�q�_�g�g�u�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�i�j�b�g�p�b�i�Z�� �j�Z�a�f�_�j�g�h�k�l�_�c���� �:�\�l�h�j�Z�f�b�� �i�h�� �^�Z�g�g�u�f�� �[�Z�a�u�� �^�Z�g�g�u�o��ICOLD [15] 
�a�Z�\�b�k�b�f�h�k�l�v���j�Z�k�o�h�^�Z���i�j�h�j�u�\�Z��Q�i�j �h�l���n�h�j�f-�n�Z�d�l�h�j�Z���j�Z�k�o�h�^�Z��QFF ���j�b�k�� 4): 
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L �D�Ò�Î�®
¥�C�®�8�ê,     (12) 
 

�]�^�_��g �± �m�k�d�h�j�_�g�b�_���k�b�e�u���l�y�`�_�k�l�b�����f���k2. 
 

 
 

�J�b�k�� �������A�Z�\�b�k�b�f�h�k�l�v���j�Z�k�o�h�^�Z���i�j�h�j�u�\�Z��Q�i�j �h�l���n�h�j�f-�n�Z�d�l�h�j�Z���j�Z�k�o�h�^�Z��QFF �i�h���^�Z�g�g�u�f��
T.L. Wahl [15] 

 
�M�j�Z�\�g�_�g�b�_�� ���������� �f�h�`�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�h�� �^�e�y�� �j�Z�k�q�_�l�Z�� �j�Z�k�o�h�^�Z�� �i�j�h�j�u�\�Z����

�i�h�k�d�h�e�v�d�m�� �b�f�_�_�l�� �\�u�k�h�d�b�c�� �d�h�w�n�n�b�p�b�_�g�l�� �d�h�j�j�_�e�y�p�b�b = ���������� �b�� �h�l�d�e�h�g�_�g�b�_��
�[�h�e�v�r�b�g�k�l�\�Z�� �l�h�q�_�d�� �h�l�� �i�j�y�f�h�c�� �g�_�� �i�j�_�\�u�r�Z�_�l�� ���������� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �l�h�q�g�h�k�l�b��
�^�Z�g�g�u�o���[�Z�a�u��ICOLD [14, 15]. 

�>�e�y�� �i�j�h�\�_�j�d�b���i�j�_�^�e�Z�]�Z�_�f�u�o���f�_�l�h�^�h�\���j�Z�k�q�_�l�Z�� �r�b�j�b�g�u���i�j�h�j�Z�g�Z���b���j�Z�k�o�h�^�Z��
�i�j�h�j�u�\�Z���[�u�e�b���i�j�h�\�_�^�_�g�u���j�Z�k�q�_�l�u���^�e�y���l�j�_�o���\�h�^�h�o�j�Z�g�b�e�b�s���g�Z���l�_�j�j�b�l�h�j�b�b���J�N���b��
�i�y�l�b�� �\�h�^�h�o�j�Z�g�b�e�b�s�� �B�g�^�b�b���� �^�Z�g�g�u�_�� �d�h�l�h�j�u�o�� �g�_�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �i�j�b��
�i�h�k�l�j�h�_�g�b�b���w�f�i�b�j�b�q�_�k�d�b�o���a�Z�\�b�k�b�f�h�k�l�_�c�� 

�I�Z�j�Z�f�_�l�j�u�� �\�h�^�h�o�j�Z�g�b�e�b�s�� �b�� �j�_�a�m�e�v�l�Z�l�u�� �j�Z�k�q�_�l�Z�� �r�b�j�b�g�u�� �i�j�h�j�Z�g�Z�� �b��
�j�Z�k�o�h�^�Z���i�j�h�j�u�\�Z���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�� �����b������ 

�:�g�Z�e�b�a�� �^�Z�g�g�u�o�� �l�Z�[�e���� ���� �b�� �� �i�h�� �j�h�k�k�b�c�k�d�b�f�� �^�Z�g�g�u�f�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �\��
�i�j�_�^�_�e�Z�o�� �b�a�f�_�g�q�b�\�h�k�l�b�� �b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� ���r ������������ �g�Z�b�[�h�e�v�r�m�x�� �l�h�q�g�h�k�l�v��
�j�Z�k�q�_�l�Z�� �j�Z�k�o�h�^�Z�� �i�j�h�j�u�\�Z�� �b�f�_�_�l���f�_�l�h�^�� �j�Z�k�q�_�l�Z�� �i�h�� �n�h�j�f�m�e�_�� �E���E�� �E�b�r�l�\�Z�g�Z�� �k��
�j�Z�k�q�_�l�h�f�� �r�b�j�b�g�u�� �i�j�h�j�u�\�Z�� �i�h�� �n�h�j�f�m�e�_�� ���������� �b�� �f�_�l�h�^�� �j�Z�k�q�_�l�Z�� �j�Z�k�o�h�^�Z�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �n�h�j�f-�n�Z�d�l�h�j�Z�� �j�Z�k�o�h�^�Z��QFF �i�h�� �n�h�j�f�m�e�_�� ������������ �d�h�l�h�j�u�_��
�j�_�d�h�f�_�g�^�m�x�l�k�y�� �i�j�b�� �j�Z�k�q�_�l�_�� �j�Z�k�o�h�^�Z�� �i�j�h�j�u�\�Z�� �h�l�� �a�_�f�e�y�g�u�o�� �g�_�d�Z�i�b�l�Z�e�v�g�u�o��
�i�e�h�l�b�g�� 
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�L�Z�[�e�b�p�Z���� 
�I�Z�j�Z�f�_�l�j�u���\�h�^�h�o�j�Z�g�b�e�b�s 

 

�‹  �G�Z�b�f�_�g�h�\�Z�g�b�_ �H�[�t�_�f����
�f�e�g���f�� 

�<�u�k�h�l�Z��
�i�e�h�l�b�g�u�� �f  

�>�e�b�g�Z��
�i�e�h�l�b�g�u�� �f  

�R�b�j�b�g�Z��
�i�j�h�j�Z�g�Z�� �f  

�G�Z�[�e�x�^�_�g�g�u�c��
�4�i�j�����f�����k 

�� �D�h�d�i�_�d�l�b�g�k�d�h�_ �������� ���������� ������ ���� �������±�������� 
�� �L�b�j�e�y�g�k�d�h�_ �������� �������� ������ ���� ���������±�������� 
�� �D�b�k�_�e�_�\�k�d�h�_ ���������� ���������� �������� ���� ���������±�������� 
�� �.�R�G�D�K�D�Q�D�U ������������ ���������� �������� �± �������� 
�� �*�K�X�U�W�L�M�R�U �������� ���������� ������ �± ������ 
�� �-�D�P�X�Q�L�\�D �������� ���������� �������� �± �������� 
���� �1�D�Q�G�J�D�Y�D�Q �������� ���������� ������ �± �������� 

 
�L�Z�[�e�b�p�Z���� 

�H�p�_�g�d�Z���r�b�j�b�g�u���i�j�h�j�Z�g�Z���b���j�Z�k�o�h�^�Z���i�j�h�j�u�\�Z 
 

�‹  �G�Z�b�f�_�g�h�\�Z�g�b�_ 

�J�Z�k�k�q�b�l�Z�g�g�Z�y���r�b�j�b�g�Z��
�i�j�h�j�Z�g�Z �E�i�j�� �f  

�J�Z�k�k�q�b�l�Z�g�g�u�c���j�Z�k�o�h�^��
�i�j�h�j�u�\�Z�� �f �����k 

�E�i�j  � ���N�i�j ��̃%��
�N�i�j  �  �������� 

�E�i�j���i�h��
�n�h�j�f�m��
�e�_�������� 

�i�h��
�n�h�j�f�m�e�_��

�������� 

�i�h��
�n�h�j�f�m�e�_��

��������
�N�i�j  �  �������� 

�i�h��
�n�h�j�f�m�e�_��
���������k���E�i�j��

�i�h��
�n�h�j�f�m�e�_��

�������� 

�i�h��
�n�h�j�f�m�e�_��

�������� 

�� �D�h�d�i�_�d�l�b�g�k�d�h�_ ���� ���� ���� �������� �������� ������ 
�� �L�b�j�e�y�g�k�d�h�_ ���� ���� ���� ������ �������� �������� 
�� �D�b�k�_�e�_�\�k�d�h�_ ���� ���� ���� �������� �������� �������� 
�� �.�R�G�D�K�D�Q�D�U ������ ���� ���� �������� �������� �������� 
�� �*�K�X�U�W�L�M�R�U ���� ���� ���� �������� �������� ������ 
�� �-�D�P�X�Q�L�\�D ������ ���� ���� �������� �������� �������� 
�� �1�D�Q�G�J�D�Y�D�Q ���� ���� ���� �������� �������� �������� 

 
�<���k�h�h�l�\�_�l�k�l�\�b�b���k���i�j�h�\�_�^�_�g�g�u�f�b���b�k�k�e�_�^�h�\�Z�g�b�y�f�b���i�j�_�^�e�Z�]�Z�_�l�k�y���k�e�_�^�m�x�s�Z�y��

�f�_�l�h�^�b�d�Z���j�Z�k�q�_�l�Z���j�Z�k�o�h�^�Z���h�l���i�j�h�j�u�\�Z���g�_�d�Z�i�b�l�Z�e�v�g�u�o���i�e�h�l�b�g�� 
1. �J�Z�k�q�_�l���n�h�j�f-�n�Z�d�l�h�j�Z���i�j�h�j�u�\�Z��BFF �i�h���n�h�j�f�m�e�_�� 

 
�$�(�( 
L �8�ê �®�D�Ò�Î��;      (13) 

 
2. �H�i�j�_�^�_�e�_�g�b�_���r�b�j�b�g�u���i�j�h�j�Z�g�Z���i�h���n�h�j�f�m�e�_: 

 
�>�Ò�Ó
L �r�á�u�u�v�w�®�¾�$�(�(�0 
E�z�á�w�u��    �������� 

 
3. �H�i�j�_�^�_�e�_�g�b�_�� �j�Z�k�o�h�^�Z�� �h�l�� �i�j�h�j�u�\�Z��Q�i�j�B�� �i�h�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c��

�n�h�j�f�m�e�_ ���������E���E�� �E�b�r�l�\�Z�g�Z: 
 

�3�Ò�Ó�4�5 
L �>�Ò�Ó�®�* �7 �6�¤ ;    (15) 
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4. �J�Z�k�q�_�l���n�h�j�f-�n�Z�d�l�h�j���j�Z�k�o�h�^�Z����QFF�����i�h���n�h�j�f�m�e�_: 
 

�3�(�( 
L �D�Ò�Î�®
¥�C�®�8�ê��     �������� 
 

5. �H�i�j�_�^�_�e�_�g�b�_���j�Z�k�o�h�^�Z���h�l���i�j�h�j�u�\�Z��Q�i�j�B�� �i�h���n�h�j�f�m�e�_�� 
 

�3�Ò�Ó�4�6 
L �r�á�r�s�v�x�®�3�(�(��     �������� 
 

6. �H�d�h�g�q�Z�l�_�e�v�g�Z�y���\�_�e�b�q�b�g�Z���j�Z�k�o�h�^�Z���h�l���i�j�h�j�u�\�Z���i�e�h�l�b�g�u��Q�i�j �h�i�j�_�^�_�e�y�_�l�k�y��
�d�Z�d���f�Z�d�k�b�f�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_���b�a���j�Z�k�o�h�^�h�\��Q�i�j�B�� �b��Q�i�j�B��: 

 
Q�i�j= max (Q�i�j�B��,Q�i�j�B��).     (18) 

 
�H�p�_�g�d�m���h�[�t�_�f�Z���\�h�^�h�o�j�Z�g�b�e�b�s�Z��Vw �b���\�_�e�b�q�b�g�u���l�j�Z�g�k�n�h�j�f�Z�p�b�b���j�Z�k�o�h�^�Z���g�Z��

�l�j�Z�g�a�b�l�g�h�f���m�q�Z�k�l�d�_���j�m�k�e�Z���g�Z���g�Z�k�l�h�y�s�_�f���w�l�Z�i�_���j�Z�a�\�b�l�b�y���f�_�l�h�^�b�d�b���i�j�_�^�e�Z�]�Z�_�l�k�y��
�\�u�i�h�e�g�y�l�v���i�h���f�_�l�h�^�b�d�_���I�F�I-91 [10]. 

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�h�^�b�d�� �j�Z�k�q�_�l�Z�� �b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �^�h�e�`�g�h��
�i�j�h�\�_�j�y�l�v�k�y���k�j�Z�\�g�_�g�b�_�f���k���n�Z�d�l�b�q�_�k�d�b�f�b���^�Z�g�g�u�f�b���i�h���i�j�h�j�u�\�Z�f���i�e�h�l�b�g�����i�h�w�l�h�f�m��
�g�Z�j�y�^�m�� �k�� �a�Z�^�Z�q�_�c�� �h�i�j�_�^�_�e�_�g�b�y�� �j�Z�k�q�_�l�g�h�]�h�� �j�Z�k�o�h�^�Z�� �h�l�� �i�j�h�j�u�\�Z�� �g�_�h�[�o�h�^�b�f�h��
�k�h�a�^�Z�g�b�_�� �g�Z�p�b�h�g�Z�e�v�g�h�c�� �[�Z�a�u�� �^�Z�g�g�u�o�� �i�h�� �i�j�h�j�\�Z�g�g�u�f�� �i�e�h�l�b�g�Z�f�� �d�Z�d��
�d�Z�i�b�l�Z�e�v�g�h�]�h�����l�Z�d���b���g�_���d�Z�i�b�l�Z�e�v�g�h�]�h���l�b�i�Z�� 

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

 
1. �<�Z�k�b�e�v�_�\�Z�� �?���K������ �;�_�e�b�d�h�\�� �;���<���� �Q�b�k�e�_�g�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �d�Z�k�d�Z�^�g�h�c��

�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�c�� �Z�\�Z�j�b�b�� �g�Z�� �<�_�j�o�g�_�m�j�Z�e�v�k�d�h�c�� �b�� �F�Z�]�g�b�l�h�]�h�j�k�d�h�c��
�i�e�h�l�b�g�Z�o���������=�b�^�j�h�l�_�o�g�b�q�_�k�d�h�_���k�l�j�h�b�l�_�e�v�k�l�\�h�����������������‹ �������K�� �����±������ 

2. �?�a�_�j�k�d�b�c���H���?�����H���j�Z�k�q�_�l�_���j�Z�k�o�h�^�Z���i�j�h�j�u�\�Z���i�j�b���j�Z�a�j�m�r�_�g�b�b���g�b�a�d�h�g�Z�i�h�j�g�u�o��
�i�e�h�l�b�g���������L�j�Z�g�k�i�h�j�l�g�h�_���k�l�j�h�b�l�_�e�v�k�l�\�h�����������������‹ �������K�� �����±������ 

3. �?�a�_�j�k�d�b�c�� �H���?������ �E�b�r�l�\�Z�g�� �E���E���� �F�Z�d�k�b�f�Z�e�v�g�u�c�� �j�Z�k�o�h�^�� �i�j�h�j�u�\�Z�� �b�� �_�]�h��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �\�� �l�j�Z�g�a�b�l�g�h�f�� �j�m�k�e�_�� ������ �L�j�m�^�u�� �M�d�j�G�B�=�F�B���������������� �<�u�i�� ����������
�K�� �����±������ 

4. �E�b�r�l�\�Z�g�� �E���E���� �D�� �\�h�i�j�h�k�m�� �h�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �f�h�k�l�h�\�u�o�� �i�_�j�_�o�h�^�h�\�� �\�� �j�Z�c�h�g�_��
�\�h�^�h�o�j�Z�g�b�e�b�s���������L�_�o�g�b�d�Z���`�_�e�_�a�g�u�o���^�h�j�h�]�����������������‹ �������K�� �����±������ 

5. �E�b�r�l�\�Z�g�� �E���E���� �H�[�� �m�q�_�l�_�� �j�Z�k�i�e�Z�k�l�u�\�Z�g�b�y�� �i�Z�\�h�^�h�q�g�h�c�� �\�h�e�g�u�� �i�j�b��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�b���f�Z�e�u�o���f�h�k�l�h�\���b���l�j�m�[���������L�j�Z�g�k�i�h�j�l�g�h�_���k�l�j�h�b�l�_�e�v�k�l�\�h����������������
�‹  �������K�� �����±������ 

6. �F�_�l�h�^�b�q�_�k�d�b�_�� �j�_�d�h�f�_�g�^�Z�p�b�b�� �i�h�� �h�i�j�_�^�_�e�_�g�b�x�� �j�Z�k�o�h�^�h�\�� �\�h�^�u�� �i�j�b��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �i�_�j�_�o�h�^�h�\�� �q�_�j�_�a�� �\�h�^�h�l�h�d�b�� �\�� �a�h�g�_�� �\�h�a�^�_�c�k�l�\�b�y��
�g�_�d�Z�i�b�l�Z�e�v�g�u�o���i�e�h�l�b�g�����F�������<�G�B�B�L�K�����������������������k�� 
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7. �G�Z�k�l�Z�\�e�_�g�b�_�� �i�h�� �b�a�u�k�d�Z�g�b�y�f�� �b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�x�� �Z�\�l�h�^�h�j�h�`�g�u�o�� �b��
�Z�\�l�h�f�h�[�b�e�v�g�u�o�� �f�h�k�l�h�\�u�o�� �i�_�j�_�o�h�^�h�\�� �q�_�j�_�a�� �\�h�^�h�l�h�d�b�� ���G�B�F�I�������������F������
�L�j�Z�g�k�i�h�j�l�����������������K�� �������±�������� 

8. �I�_�j�_�\�h�a�g�b�d�h�\�� �;���N���� �J�Z�k�q�_�l�u�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �k�l�h�d�Z�� �i�j�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�b��
�^�h�j�h�`�g�u�o���k�h�h�j�m�`�_�g�b�c�����F�������L�j�Z�g�k�i�h�j�l�����������������K�� �������±�������� 

9. �I�h�g�h�f�Z�j�q�m�d�� �D���J���� �H�p�_�g�d�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �j�Z�a�\�b�l�b�y�� �i�j�h�j�Z�g�Z�� �i�j�b�� �j�Z�a�j�m�r�_�g�b�b��
�]�j�m�g�l�h�\�h�c���i�e�h�l�b�g�u���������I�j�b�j�h�^�h�h�[�m�k�l�j�h�c�k�l�\�h�����������������‹ �������K�� �����±������ 

10. �I�h�k�h�[�b�_�� �d�� �K�G�b�I�� ���������������������� �©�F�h�k�l�u�� �b�� �l�j�m�[�u�ª�� �i�h�� �b�a�u�k�d�Z�g�b�y�f�� �b��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�x�� �`�_�e�_�a�g�h�^�h�j�h�`�g�u�o�� �b�� �Z�\�l�h�^�h�j�h�`�g�u�o�� �f�h�k�l�h�\�u�o�� �i�_�j�_�o�h�^�h�\��
�q�_�j�_�a���\�h�^�h�l�h�d�b�����I�F�I���������ª�����F�������L�j�Z�g�k�k�l�j�h�c�����������������K�� �������±�������� 

11. �I�j�m�^�h�\�k�d�b�c�� �:���F���� �H�[�j�Z�a�h�\�Z�g�b�_�� �i�j�h�j�Z�g�Z�� �i�j�b�� �i�j�h�j�u�\�_�� �a�_�f�e�y�g�h�c�� �i�e�h�l�b�g�u�� ������
�G�Z�m�q�g�h���l�_�o�g�b�q�_�k�d�b�c�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�c�� �k�[�h�j�g�b�d�� �©�;�_�a�h�i�Z�k�g�h�k�l�v��
�w�g�_�j�]�_�l�b�q�_�k�d�b�o���k�h�h�j�m�`�_�g�b�c�ª�����F�������������������<�u�i�������Å�������K�� �����±������ 

12. �J�Z�k�q�_�l���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���i�j�h�j�Z�g�Z���b���f�Z�d�k�b�f�Z�e�v�g�u�o���j�Z�k�o�h�^�h�\��
�i�j�b�� �i�j�h�j�u�\�Z�o�� �g�_�d�Z�i�b�l�Z�e�v�g�u�o�� �i�e�h�l�b�g�� ���� �L���:�����<�b�g�h�]�j�Z�^�h�\�Z���� �F���:�����F�Z�d�m�r�b�g����
�F���:���� �<�b�g�h�]�j�Z�^�h�\���� �?���:���� �I�Z�j�n�_�g�h�\���� �F���F���� �D�Z�^�Z�p�d�Z�y���� �K���B���� �K�Z�a�h�g�h�\�Z�� ������
�=�b�^�j�h�k�n�_�j�Z�����H�i�Z�k�g�u�_���i�j�h�p�_�k�k�u���b���y�\�e�_�g�b�y�����������������L�����������<�u�i�����������K�����������±�������� 
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ASSESSMENT OF MAXIMUM WATER DISCHARGES  
FROM NON-CAPITAL DAM BREAKS IN ENGINEERING -

HYDROMETEOROLOGICAL SURVEYS OF TRANSPORT STRUCTURES  
 

Abstract. The issues of determining the maximum water discharge from non-capital dam breaks 
during engineering hydrometeorological surveys of transport structures are considered. The history 
of creation, the present state and disadvantages of the current regulatory methodology for calculating 
the maximum water discharge from non-capital dam breaks are described. Modern methods for 
determining the width of closing gap and a formula for calculating the break discharge are proposed, 
taking into account the principles of dimensionality and physical limits of the calculated 
characteristics, directions for improving the normative methodology. The accuracy of calculation of 
the proposed formulas for seven ruptured earthen dams on the territory of the Russian Federation and 
India has been assessed. 
Key words: engineering-hydrometeorological surveys; transport structures; non-capital dam break; 
the width of closing gap; the maximum discharge from dam break; the principles of dimensionality; 
physical limits; assessment of calculated costs based on dam break data.  
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�Z�d�d�m�f�m�e�y�p�b�b�� �k�_�e�_�c�� �j�� �=�_�j�o�h�`�Z�g�k�m�� �������������� ������������ ������������ ���������� �b�� ���������� �]�]������ �\��
�]�� �L�u�j�g�u�Z�m�a�_���b���h�[�j�Z�a�h�\�Z�g�b�y���i�h�^�i�j�m�^�g�u�o���h�a�_�j���������������b�������������]�]������ 

 

 
 

�J�b�k�����������A�h�g�Z���Z�d�d�m�f�m�e�y�p�b�b���k�_�e�_�c���j�����=�_�j�o�h�`�Z�g�k�m �b���n�h�j�f�b�j�h�\�Z�g�b�y���i�h�^�i�j�m�^�g�u�o���h�a�_�j���g�Z��
�j�� �;�Z�d�k�Z�g���g�Z���d�h�k�f�h�k�g�b�f�d�Z�o��Landsat (1999�±�����������]�]�������b��Sentinel-�����������������b�������������]�]��������

�B�k�l�h�q�g�b�d�� https://apps.sentinel-hub.com/eo-browser 
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�<�� ���������� �]���� �i�j�h�o�h�`�^�_�g�b�_�� �k�_�e�_�c�� �[�u�e�h�� �i�h�^�]�h�l�h�\�e�_�g�h�� �Z�g�h�f�Z�e�v�g�u�f�b��
�i�h�]�h�^�g�u�f�b���m�k�e�h�\�b�y�f�b���\���b�x�e�_���b���Z�\�]�m�k�l�_�����L�Z�d���\���b�x�e�_���������^�g�_�c���k�j�_�^�g�y�y���k�m�l�h�q�g�Z�y��
�l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z�� �[�u�e�Z�� �\�u�r�_�� �����ƒ�K�� ���i�h�� �^�Z�g�g�u�f�� �=�F�K�� �©�L�_�j�k�d�h�e�ª������ �q�l�h��
�y�\�e�y�_�l�k�y�� �i�h�j�h�]�h�\�u�f�� �d�j�b�l�b�q�_�k�d�b�f�� �a�g�Z�q�_�g�b�_�f�� �i�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b���k�_�e�_�c���� �<��
�Z�\�]�m�k�l�_���k���g�Z�q�Z�e�Z���f�_�k�y�p�Z���k�j�_�^�g�y�y���k�m�l�h�q�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���g�_���h�i�m�k�d�Z�e�Z�k�v���g�b�`�_�������ƒ�K����
�Z���^�h�o�h�^�b�e�Z���i�h�q�l�b���^�h�������ƒ�K�����q�l�h���h�[�m�k�e�h�\�e�_�g�h���\�e�b�y�g�b�_�f���f�h�s�g�h�]�h���Z�g�l�b�p�b�d�e�h�g�Z���g�Z��
�x�]�_���?�\�j�h�i�_�c�k�d�h�c���J�h�k�k�b�b�����H�k�Z�^�d�h�\���\���Z�\�]�m�k�l�_���i�j�Z�d�l�b�q�_�k�d�b���g�_���[�u�e�h�����D���������Z�\�]�m�k�l�Z��
�k�g�_�]�h�\�Z�y�� �e�b�g�b�y�� �i�j�h�o�h�^�b�e�Z�� �g�Z�� �\�u�k�h�l�_�� �[�h�e�_�_�� ���������� �f�����<�k�_�� �w�l�h�� �i�h�\�e�b�y�e�h�� �g�Z��
�k�h�k�l�h�y�g�b�_���f�h�j�_�g�g�h-�e�_�^�g�b�d�h�\�h�]�h���d�h�f�i�e�_�d�k�Z���\���\�_�j�o�h�\�v�y�o���j�� �D�Z�y�Z�j�l�u�k�m�����I�j�b���w�l�h�f��
�\�u�k�h�d�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �k�h�a�^�Z�x�l�� �m�k�e�h�\�b�y�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �[�h�e�v�r�b�o��
�h�[�t�_�f�h�\���l�Z�e�u�o���e�_�^�g�b�d�h�\�u�o���\�h�^�����d�h�l�h�j�u�_���f�h�]�m�l���g�Z�d�Z�i�e�b�\�Z�l�v�k�y���\�g�m�l�j�b���e�_�^�g�b�d�Z��
�b�� �a�Z�l�_�f�� �i�j�h�j�u�\�Z�l�v�k�y�� �\�� �\�b�^�_�� �]�e�y�p�b�Z�e�v�g�u�o�� �i�Z�\�h�^�d�h�\�� �>�Z�g�g�u�_�� �m�k�e�h�\�b�y�� �f�h�`�g�h��
�k�j�Z�\�g�b�l�v���k���b�x�e�_�f�������������]�� 

�I�h�k�e�_�� �^�e�b�l�_�e�v�g�h�]�h�� �i�_�j�b�h�^�Z�� �Z�g�h�f�Z�e�v�g�h�� �`�Z�j�d�h�c�� �i�h�]�h�^�u�� �g�Z�^��
�\�u�k�h�d�h�]�h�j�g�u�f�b���j�Z�c�h�g�Z�f�b���P�_�g�l�j�Z�e�v�g�h�]�h���D�Z�\�d�Z�a�Z���m�k�l�Z�g�h�\�b�e�k�y���Z�l�f�h�k�n�_�j�g�u�c��
�n�j�h�g�l���� �k�� �d�h�l�h�j�u�f�� �[�u�e�b�� �k�\�y�a�Z�g�u�� �e�h�d�Z�e�v�g�u�_�� �e�b�\�g�b�����I�j�b�q�b�g�h�c�� �i�j�h�j�u�\�Z��
�h�a�� �;�Z�r�d�Z�j�Z�� �b�� �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�h�]�h�� �k�_�e�y�� �\�� �;�Z�d�k�Z�g�k�d�h�f�� �m�s�_�e�v�_�� �D�Z�[�Z�j�^�b�g�h-
�;�Z�e�d�Z�j�k�d�h�c���J�_�k�i�m�[�e�b�d�b���k�l�Z�e���\�k�_�]�h���h�^�b�g���e�b�\�_�g�v�� �L�Z�d�h�]�h���k�b�e�v�g�h�]�h���e�b�\�g�y���\���w�l�h�f��
�j�Z�c�h�g�_���g�_���[�u�e�h���[�h�e�_�_���q�_�l�\�_�j�l�b���\�_�d�Z�����Z���_�]�h���\�_�j�h�y�l�g�h�k�l�v���i�h���^�Z�g�g�u�f���f�g�h�]�h�e�_�l�g�b�o��
�g�Z�[�e�x�^�_�g�b�c���± �f�_�g�_�_���q�_�f���j�Z�a���\���k�l�h���e�_�l�� 

�O�Z�j�Z�d�l�_�j���i�h�]�h�^�u���\���b�x�e�_���b���Z�\�]�m�k�l�_���\�������������b�������������]�]�����b�f�_�_�l���f�g�h�]�h���h�[�s�_�]�h���k��
�]�h�^�Z�f�b�� �i�j�h�y�\�e�_�g�b�y�� �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�o�� �k�_�e�_�c���� �e�_�l�h�� �[�u�e�h�� �g�_�� �i�j�h�k�l�h�� �`�Z�j�d�b�f���� �Z��
�q�j�_�a�\�u�q�Z�c�g�h���`�Z�j�d�b�f�����l�Z�[�e�� 1). 

�L�Z�[�e�b�p�Z���� 
�K�j�_�^�g�_�f�_�k�y�q�g�u�_���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z���L�k�j�������ƒ�K���b���d�h�e�b�q�_�k�l�\�h���h�k�Z�^�d�h�\��Q�����f�f���\���]�h�^�u��

�i�j�h�y�\�e�_�g�b�y���d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�o���k�_�e�_�\�u�o���i�h�l�h�d�h�\���b���\�������������b�������������]�]�����i�h���h�l�g�h�r�_�g�b�x���d���k�j�_�^�g�_�f�m��
�f�g�h�]�h�e�_�l�g�_�f�m���a�g�Z�q�_�g�b�x 

 

�=�h�^ 
�F�_�k�y�p�u 

�b�x�g�v �b�x�e�v �Z�\�]�m�k�l 

�K�j�_�^�g�_�_���f�g�h�]�h�e�_�l�g�_�_���a�g�Z�q�_�g�b�_ 
�L�k�j�������ƒ�K Q�����f�f �L�k�j�������ƒ�K Q�����f�f �L�k�j�������ƒ�K Q�����f�f 

9,9 93,0 12,5 100,0 12,1 91,0 
2000 9,8 98,7 15,6 58,6 12,2 105,9 
2017 10,6 80,9 14,1 67,1 14,1 83,4 
2022 10,8 107,2 13,11 87,8 14,8 42,7 
2023 10,9 83,5 12,8 71,5 14,9 98,7 

 
�O�Z�j�Z�d�l�_�j�� �i�h�]�h�^�u�� �\�h�� �\�k�_�� �m�d�Z�a�Z�g�g�u�_�� �\�� �l�Z�[�e�b�p�_�� �]�h�^�u�� �[�u�e�� �h�[�m�k�e�h�\�e�_�g��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�� �o�Z�j�Z�d�l�_�j�h�f�� �Z�l�f�h�k�n�_�j�g�h�c�� �p�b�j�d�m�e�y�p�b�b���� �>�e�y�� �b�a�m�q�_�g�b�y��
�j�_�`�b�f�Z�� �j�y�^�Z�� �i�j�b�j�h�^�g�u�o�� �i�j�h�p�_�k�k�h�\���� �\�� �q�Z�k�l�g�h�k�l�b���� �h�i�h�e�a�g�_�c���� �k�_�e�_�c�� �b�� �^�j������
�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���l�b�i�b�a�Z�p�b�y���f�Z�d�j�h�p�b�j�d�m�e�y�p�b�h�g�g�u�o���i�j�h�p�_�k�k�h�\�����j�Z�a�j�Z�[�h�l�Z�g�g�Z�y��
�;���E���� �>�a�_�j�^�a�_�_�\�k�d�b�f�� �b�� �^�j�� [3, 4]. �D�� �g�Z�k�l�h�y�s�_�f�m�� �\�j�_�f�_�g�b�� �d�Z�e�_�g�^�Z�j�v��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�c�� �k�f�_�g�u�� �w�e�_�f�_�g�l�Z�j�g�u�o�� �p�b�j�d�m�e�y�p�b�h�g�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� ���W�P�F����



�F�Z�l�_�j�b�Z�e�u���;�9III  �H�[�s�_�j�h�k�k�b�c�k�d�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b �b �\�u�k�l�Z�\�d�b 
�©�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���b�g�`�_�g�_�j�g�u�o���b�a�u�k�d�Z�g�b�c���\���k�l�j�h�b�l�_�e�v�k�l�\�_���\���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b�ª�� 
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�k�h�k�l�Z�\�e�_�g���k�������������i�h�������������]�]�����d�Z�d���\���i�m�[�e�b�d�Z�p�b�y�o�����l�Z�d���b���g�Z���k�Z�c�l�_��https://atmospheric-
circulation.ru/. 

�=�h�^�u���f�Z�d�k�b�f�Z�e�v�g�h�]�h���j�Z�a�\�b�l�b�y���\���k�_�\�_�j�g�h�f���i�h�e�m�r�Z�j�b�b���f�_�j�b�^�b�h�g�Z�e�v�g�h�c��
�k�_�\�_�j�g�h�c���b���x�`�g�h�c���]�j�m�i�i���p�b�j�d�m�e�y�p�b�b���g�_�h�^�g�h�d�j�Z�l�g�h���[�u�e�b���]�h�^�Z�f�b���i�j�b�j�h�^�g�u�o��
�d�Z�l�Z�k�l�j�h�n. �J�h�k�l�m�� �b�o�� �i�h�\�l�h�j�y�_�f�h�k�l�b�� �k�i�h�k�h�[�k�l�\�m�_�l�� �f�_�g�y�x�s�b�c�k�y�� �o�Z�j�Z�d�l�_�j��
�p�b�j�d�m�e�y�p�b�b�� �Z�l�f�h�k�n�_�j�u���� �m�\�_�e�b�q�_�g�b�_�� �i�h�\�l�h�j�y�_�f�h�k�l�b�� �[�e�h�d�b�j�m�x�s�b�o�� �i�j�h�p�_�k�k�h�\��
���Z�j�d�l�b�q�_�k�d�b�o�� �\�l�h�j�`�_�g�b�c���� �a�Z�d�Z�g�q�b�\�Z�x�s�b�o�k�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�f�� �h�[�r�b�j�g�h�]�h��
�k�l�Z�p�b�h�g�Z�j�g�h�]�h���Z�g�l�b�p�b�d�e�h�g�Z�����b���\�u�o�h�^�h�\���x�`�g�u�o���p�b�d�e�h�g�h�\�� 

�<�� �k�e�h�`�b�\�r�_�c�k�y�� �k�b�l�m�Z�p�b�b���� �d�h�]�^�Z�� �\�u�k�h�d�h�]�h�j�g�u�_�� �j�Z�c�h�g�u�� �[�Z�k�k�_�c�g�h�\�� �j�_�d��
�D�Z�[�Z�j�^�b�g�h-�;�Z�e�d�Z�j�k�d�h�c�� �J�_�k�i�m�[�e�b�d�b�� �k�h�\�_�j�r�_�g�g�h�� �g�_�� �h�o�\�Z�q�_�g�u��
�f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�f�b�� �g�Z�[�e�x�^�_�g�b�y�f�b���� �i�j�b�h�[�j�_�l�Z�x�l�� �h�k�h�[�h�_�� �a�g�Z�q�_�g�b�_��
�d�h�e�b�q�_�k�l�\�_�g�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �Z�l�f�h�k�n�_�j�g�h�c�� �p�b�j�d�m�e�y�p�b�b���� �k�� �d�h�l�h�j�u�f�b���� �d�Z�d��
�m�d�Z�a�u�\�Z�e�h�k�v���\�u�r�_�����l�_�k�g�h���k�\�y�a�Z�g�u���i�j�h�y�\�e�_�g�b�y���k�_�e�_�c�����I�h���^�Z�g�g�u�f���d�Z�e�_�g�^�Z�j�y���W�P�F��
�f�h�`�g�h�� �i�h�^�k�q�b�l�Z�l�v�� �q�b�k�e�h�� �^�g�_�c�� �k�� �d�Z�`�^�u�f�� �W�P�F�� �a�Z�� �f�_�k�y�p���� �a�Z�� �]�h�^�� �b�� �l���^���� �G�Z��
�h�k�g�h�\�Z�g�b�b�� �Z�g�Z�e�b�a�Z�� �^�Z�g�g�u�o�� �k�_�e�_�\�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �i�j�b�\�_�^�_�g�g�u�o�� �\�u�r�_���� �f�h�`�g�h��
�k�d�Z�a�Z�l�v�����q�l�h���W�P�F���y�\�e�y�x�l�k�y���f�h�^�_�e�v�x���i�h�]�h�^�u���^�e�y���d�h�g�d�j�_�l�g�h�]�h���j�Z�c�h�g�Z���>3]. 

�G�Z�b�[�h�e�_�_�� �h�i�Z�k�g�u�f�� �\�� ������������ ���������� �]�]���� �[�u�e�� �W�P�F�� �����e���� �<�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u��
�h�l�f�_�q�Z�_�l�k�y�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �j�h�k�l�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �f�_�j�b�^�b�h�g�Z�e�v�g�h�c�� �x�`�g�h�c��
�p�b�j�d�m�e�y�p�b�b���� �\�� �l���q���� �g�Z�b�[�h�e�_�_�� �i�j�h�p�_�k�k�h�h�i�Z�k�g�h�]�h�� �W�P�F�� �����e�����I�j�b�� �W�P�F�� �����e����
�h�l�f�_�q�Z�_�l�k�y�� �q�_�l�u�j�_�� �\�u�o�h�^�Z�� �x�`�g�u�o�� �p�b�d�e�h�g�h�\�� �\�� �K�_�\�_�j�g�h�f�� �i�h�e�m�r�Z�j�b�b���� �b�a�� �g�b�o�� 
�l�j�b���± �g�Z���l�_�j�j�b�l�h�j�b�b���J�h�k�k�b�b�����h�^�b�g���b�a���d�h�l�h�j�u�o���± �g�Z���D�Z�\�d�Z�a�_�����A�Z���d�h�j�h�l�d�h�_���\�j�_�f�y��
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http://spaceweather.com/, www.tesis.xras.ru) [13, 14]. 
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�w�d�k�l�j�Z�i�h�e�b�j�h�\�Z�l�v���_�_���b�a�f�_�g�_�g�b�y�����Z�����k�e�_�^�h�\�Z�l�_�e�v�g�h�����b���l�_�g�^�_�g�p�b�x���k�\�y�a�Z�g�g�u�o���k���g�_�c��
�i�j�b�j�h�^�g�u�o�� �y�\�e�_�g�b�c���� �\�� �l���q���� �b�� �h�i�Z�k�g�u�o�� �w�d�a�h�]�_�g�g�u�o�� �]�_�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �g�Z��
�f�g�h�]�h���e�_�l���\�i�_�j�_�^���>�����������@�� 

�G�Z�k�l�m�i�b�\�r�b�c�� ����-�c �p�b�d�e�� �i�h�� �g�h�\�u�f�� �i�j�_�^�i�h�e�h�`�_�g�b�y�f�� �k�i�_�p�b�Z�e�b�k�l�h�\�� �[�m�^�_�l��
�\�u�r�_���� �q�_�f�� ����-�c �p�b�d�e�� �b���� �k�d�h�j�_�_�� �\�k�_�]�h���� �i�h�o�h�` �g�Z�� ����-�c �p�b�d�e���� �d�h�l�h�j�u�c�� �[�u�e�� �h�q�_�g�v��
�h�i�Z�k�g�u�f���k���l�h�q�d�b���a�j�_�g�b�y���Z�d�l�b�\�g�h�k�l�b���k�_�e�_�c�����Q�_�j�_�a���g�_�k�d�h�e�v�d�h���e�_�l���i�h�k�e�_���f�b�g�b�f�m�f�Z��
�i�j�_�^�u�^�m�s�_�]�h�� �p�b�d�e�Z�� �\�� ���������� �]���� �\�� �I�j�b�w�e�v�[�j�m�k�v�_�� �i�j�h�b�a�h�r�e�Z�� �Z�d�l�b�\�b�a�Z�p�b�y�� �k�_�e�_�c����
�?�k�e�b���k�q�b�l�Z�l�v���h�l�������������]�����\������-�f  �p�b�d�e�_�����i�h�^�h�[�g�Z�y���Z�d�l�b�\�b�a�Z�p�b�y���[�u�e�Z���\�h�a�f�h�`�g�Z���b���\��
���������� �]������ �g�h�� �\�_�j�h�y�l�g�_�_�� �\�� ���������±���������� �]�]������ �d�h�]�^�Z�� �i�h�� �g�h�\�u�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�f��
�k�i�_�p�b�Z�e�b�k�l�h�\���[�e�b�a�d�h���d���\�h�a�f�h�`�g�h�f�m���f�Z�d�k�b�f�m�f�m������-�]�h �p�b�d�e�Z���>4]. 

�D�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�_���i�j�h�y�\�e�_�g�b�y���h�i�Z�k�g�u�o��
�w�d�a�h�]�_�g�g�u�o���]�_�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�Z�o�����^�Z�l�u��

�i�j�h�y�\�e�_�g�b�y���i�j�h�p�_�k�k�h�\�� 

�K�d�h�j�h�k�l�v��
�k�h�e�g�_�q�g�h�]�h��
�\�_�l�j�Z�� �d�f���k 

�K�j�_�^�g�y�y���q�Z�k�h�\�Z�y��
�i�e�h�l�g�h�k�l�v���i�j�h�l�h�g�h�\����

�_�^�����k�f3 

�F�g�h�]�h�n�Z�a�g�u�c���k�_�e�_�\�h�c���i�h�l�h�d�� 
�i�h���j�� �=�_�j�o�h�`�Z�g�k�m 
(18�±25.07.2000) 

600�±1000 
(13�±18.07.2000) 

14�±22 
(13.07.2000) 

�D�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�_���g�Z�\�h�^�g�_�g�b�y�����k�_�e�b�����h�i�h�e�a�g�b��
�g�Z���K�_�\�_�j�g�h�f���D�Z�\�d�Z�a�_ 

���e�_�l�h�������������]���� 

700�±843 
(19�±31.07.2002) 

11�±19 
���B�x�g�v�������������]���� 

�K�o�h�^���e�_�^�g�b�d�Z���D�h�e�d�Z�� 
(20.09.2002) 

700 
(18�±19.09.2002) �± 

�K�_�e�b���g�Z���K�_�\�_�j�g�h�f���D�Z�\�d�Z�a�_���i�h���j�����=�_�j�o�h�`�Z�g�k�m 
(14�±15.08.2017) 

638 �± 

�I�j�h�j�u�\���h�a�����;�Z�r�d�Z�j�Z���b���d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�c���k�_�e�v��
�i�h���^�h�e�b�g�_���j�����:�^�u�e�k�m�����K�_�\�_�j�g�u�c���D�Z�\�d�Z�a�� 

���\���g�h�q�v���k���������Z�\�]�m�k�l�Z���g�Z�������k�_�g�l�y�[�j�y�������������]���� 
594�±670 �± 
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�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�_�j�b�h�^�� ���������±���������� �]�]�����± �w�l�h�� �i�_�j�b�h�^�� �\�h�a�f�h�`�g�h�c��
�d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�h�c�� �Z�d�l�b�\�b�a�Z�p�b�b�� �k�_�e�_�c�� �\�� �g�Z�b�[�h�e�_�_�� �h�i�Z�k�g�u�o�� �[�Z�k�k�_�c�g�Z�o��
�K�_�\�_�j�g�h�]�h�� �D�Z�\�d�Z�a�Z�� �b�� �i�Z�j�Z�]�_�g�_�l�b�q�_�k�d�b�� �k�\�y�a�Z�g�g�u�o�� �k�� �g�b�f�b�� �h�i�h�e�a�g�_�\�u�o�� �b��
�w�j�h�a�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �<�� �������� �]���� �o�Z�j�Z�d�l�_�j�� �Z�d�l�b�\�g�h�k�l�b�� �K�h�e�g�p�Z�� �g�Z�q�Z�e��
�f�_�g�y�l�v�k�y���� �O�h�l�y�� �k�h�e�g�_�q�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�� �h�k�l�Z�\�Z�e�Z�k�v�� �h�q�_�g�v�� �\�u�k�h�d�h�c����
�j�Z�a�e�b�q�g�u�_���k�h�[�u�l�b�y���\���w�l�b���]�h�^�u���q�Z�s�_���i�j�h�b�k�o�h�y�l���g�Z���h�[�j�Z�l�g�h�c���k�l�h�j�h�g�_���K�h�e�g�p�Z��
�b�� �g�_�� �h�d�Z�a�u�\�Z�x�l�� �h�q�_�g�v�� �[�h�e�v�r�h�]�h�� �\�e�b�y�g�b�y�� �g�Z�� �j�Z�a�\�b�l�b�_�� �i�j�h�p�_�k�k�h�\�� �g�Z�� �A�_�f�e�_����
�O�h�l�y���w�l�h���\�e�b�y�g�b�_ �\���l�h�c���b�e�b���b�g�h�c���k�l�_�i�_�g�b���i�j�h�y�\�e�y�_�l�k�y�����<�������������b���������� �]�]�����g�Z��
�k�l�h�j�h�g�_�� �K�h�e�g�p�Z���� �h�[�j�Z�s�_�g�g�h�c�� �d�� �A�_�f�e�_���� �d�h�e�b�q�_�k�l�\�h�� �d�h�j�h�g�Z�e�v�g�u�o�� �^�u�j��
�k�m�s�_�k�l�\�_�g�g�h���m�f�_�g�v�r�b�e�h�k�v�� 

�I�h-�\�b�^�b�f�h�f�m�����\�� �[�e�b�`�Z�c�r�b�_�� �]�h�^�u�� �m�\�_�e�b�q�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �k�_�e�_�c�� �b��
�^�j�m�]�b�o���h�i�Z�k�g�u�o���i�j�b�j�h�^�g�u�o���i�j�h�p�_�k�k�h�\�� �i�h�q�l�b�� �g�_�b�a�[�_�`�g�h���� �i�h�k�d�h�e�v�d�m���f�h�e�h�^�h�c��
�k�h�e�g�_�q�g�u�c�� ����-�c �p�b�d�e�� �g�Z�q�g�_�l�� �k�\�h�_�� �i�j�h�y�\�e�_�g�b�_�� �\�� �i�j�_�^�k�l�h�y�s�b�_�� �]�h�^�u 
(speaceweather.com�����>�������������@�����j�b�k���������� 
 

 
 

�J�b�k�����������I�j�h�]�g�h�a���^�e�y���������k�h�e�g�_�q�g�h�]�h���p�b�d�e�Z�����H�[�h�a�g�Z�q�_�g�b�y�����k�b�g�b�c���p�\�_�l���± �h�n�b�p�b�Z�e�v�g�u�c���i�j�h�]�g�h�a 
�k�e�Z�[�h�]�h���p�b�d�e�Z�����d�j�Z�k�g�u�c���p�\�_�l���± �m�l�h�q�g�_�g�g�u�c���Z�\�l�h�j�k�d�b�c���i�j�h�]�g�h�a 

 
�M�j�h�\�_�g�v���k�h�e�g�_�q�g�h�c���Z�d�l�b�\�g�h�k�l�b���\���b�x�g�_�±�b�x�e�_�������������]�����^�h�k�l�b�]���f�Z�d�k�b�f�Z�e�v�g�u�o��

�a�g�Z�q�_�g�b�c�� �a�Z�� �i�h�k�e�_�^�g�b�_�� ������ �e�_�l���� �K�e�_�^�m�_�l���h�l�f�_�l�b�l�v���� �q�l�h�� �j�h�k�l�� �Z�d�l�b�\�g�h�k�l�b�� �K�h�e�g�p�Z��
�i�h�d�Z�� �g�_�� �i�j�b�\�_�e�� �d�� �h�s�m�l�b�f�h�f�m�� �\�h�a�^�_�c�k�l�\�b�x�� �g�Z�� �A�_�f�e�x���� �I�h-�g�Z�k�l�h�y�s�_�f�m�� �k�b�e�v�g�u�o��
�\�a�j�u�\�h�\�� �g�Z�� �K�h�e�g�p�_�� �\�� �w�l�h�f�� �p�b�d�e�_�� �i�h�d�Z���g�_�� �[�u�e�h���� �g�h���h�g�b�� �\�h�a�f�h�`�g�u�� �\�� �g�_�^�Z�e�_�d�h�f��
�[�m�^�m�s�_�f�� 

 
�A�Z�d�e�x�q�_�g�b�_ 

 
�I�j�h�\�_�^�_�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�a�\�h�e�y�_�l�� �k�^�_�e�Z�l�v�� �k�e�_�^�m�x�s�b�_�� �\�u�\�h�^�u����

�D�h�e�b�q�_�k�l�\�h�� �w�d�k�l�j�_�f�m�f�h�\�� �d�Z�d�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z���� �l�Z�d�� �b�� �h�k�Z�^�d�h�\���� �\�� �;�;�,�� �\����
�i�j�h�^�h�e�`�Z�_�l�� �j�Z�k�l�b���� �H�l�j�b�p�Z�l�_�e�v�g�u�_�� �w�d�k�l�j�_�f�m�f�u�� �h�k�Z�^�d�h�\�� �\�� �k�h�q�_�l�Z�g�b�b�� �k��
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�i�h�e�h�`�b�l�_�e�v�g�u�f�b�� �w�d�k�l�j�_�f�m�f�Z�f�b�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�h�a�^�m�o�Z�� �i�j�b�\�h�^�y�l�� �d�� �i�j�b�j�h�^�g�u�f��
�i�h�`�Z�j�Z�f���� �i�h�e�h�`�b�l�_�e�v�g�u�_�� �w�d�k�l�j�_�f�m�f�u�� �h�k�Z�^�d�h�\���± �d�� �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�f��
�g�Z�\�h�^�g�_�g�b�y�f���� �J�h�k�l�m�� �i�h�\�l�h�j�y�_�f�h�k�l�b�� �b�� �l�_�o���� �b�� �^�j�m�]�b�o�� �k�i�h�k�h�[�k�l�\�m�_�l�� �f�_�g�y�x�s�b�c�k�y��
�o�Z�j�Z�d�l�_�j�� �p�b�j�d�m�e�y�p�b�b�� �Z�l�f�h�k�n�_�j�u���� �m�\�_�e�b�q�_�g�b�_�� �i�h�\�l�h�j�y�_�f�h�k�l�b�� �[�e�h�d�b�j�m�x�s�b�o��
�i�j�h�p�_�k�k�h�\�� ���Z�j�d�l�b�q�_�k�d�b�o�� �\�l�h�j�`�_�g�b�c���� �a�Z�d�Z�g�q�b�\�Z�x�s�b�o�k�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�f��
�h�[�r�b�j�g�h�]�h���k�l�Z�p�b�h�g�Z�j�g�h�]�h���Z�g�l�b�p�b�d�e�h�g�Z�����b���\�u�o�h�^�h�\���x�`�g�u�o���p�b�d�e�h�g�h�\�� 

�G�Z�� �h�k�g�h�\�Z�g�b�b�� �\�k�_�o�� �j�Z�k�k�f�h�l�j�_�g�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �k�e�_�^�m�_�l�� �^�Z�l�v��
�i�j�_�^�\�Z�j�b�l�_�e�v�g�m�x���h�p�_�g�d�m���Z�d�l�b�\�g�h�k�l�b���g�Z�b�[�h�e�_�_���h�i�Z�k�g�u�o���i�j�h�p�_�k�k�h�\���g�Z���K�_�\�_�j�g�h�f��
�D�Z�\�d�Z�a�_���± �k�_�e�_�c�� �b�� �h�i�h�e�a�g�_�c���� �i�Z�j�Z�]�_�g�_�l�b�q�_�k�d�b�� �k�\�y�a�Z�g�g�u�o�� �f�_�`�^�m�� �k�h�[�h�c���� �\��
�[�e�b�`�Z�c�r�b�_���]�h�^�u���� �<�_�j�h�y�l�g�h�k�l�v�� �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�h�c�� �Z�d�l�b�\�b�a�Z�p�b�b�� �m�d�Z�a�Z�g�g�u�o��
�i�j�h�p�_�k�k�h�\�� �[�m�^�_�l�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h�d�h�c���� �I�h�d�Z �g�_�� �b�a�f�_�g�b�l�k�y�� �k�m�s�_�k�l�\�m�x�s�Z�y��
�g�Z�i�j�Z�\�e�_�g�g�h�k�l�v�� �Z�d�l�b�\�g�h�k�l�b�� �K�h�e�g�p�Z���� �l�_�g�^�_�g�p�b�x�� �j�Z�a�\�b�l�b�y�� �h�i�Z�k�g�u�o�� �i�j�b�j�h�^�g�u�o��
�i�j�h�p�_�k�k�h�\���g�Z���d�h�g�d�j�_�l�g�h�c���l�_�j�j�b�l�h�j�b�b���h�i�j�_�^�_�e�b�l�v���h�q�_�g�v���l�j�m�^�g�h�� 

 
�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u 

 
1. �=�h�g�k�b�j�h�\�k�d�b�c�� �>���=�����H�� �\�h�a�f�h�`�g�h�f�� �\�e�b�y�g�b�b�� �i�e�Z�a�f�u�� �k�h�e�g�_�q�g�u�o�� �\�k�i�u�r�_�d�� �g�Z��

�\�h�a�g�b�d�g�h�\�_�g�b�_���]�e�y�p�b�Z�e�v�g�u�o���k�_�e�_�\�u�o���i�h�l�h�d�h�\���g�Z���A�_�f�e�_���������@�b�a�g�v���A�_�f�e�b����������������
�L�������������‹���������K�����������±�������� 

2. �B�r�d�h�\�� �<���G�����D�h�k�f�b�q�_�k�d�Z�y�� �i�h�]�h�^�Z�� �\�� ������ �k�h�e�g�_�q�g�h�f�� �p�b�d�e�_���b�� �_�]�h�� �h�k�h�[�_�g�g�h�k�l�b��
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CONDITIONS FOR THE DEVELOPMENT OF SLOP E PROCESSES  

IN KABARDINO -BALKARIAN REPUBLIC IN 2022 AND 2023  
 

Abstract. Materials are presented on the occurrence of debris flows and other slope processes in 
Kabardino-Balkarian Republoc in 2022 and 2023, as well as in 2000 and 2017. These years were 
distinguished by abnormally high summer air temperatures in the Caucasus, and in the Northern 
Hemisphere as a whole. It was noted that the development features of the most dangerous geological 
processes (landslides, debris flows, etc.) are due to global climate changes. To assess climate change 
and major disasters, a typology of atmospheric circulation in the Northern Hemisphere of the Earth, 
developed under the leadership of B.L. Dzerdzeevsky was implemented. Typing materials from 1899 
to 2018 posted on the Internet in the public domain at www.atmospheric-circulation.ru. Changes in 
solar activity and features of space weather in recent years, which are approaching the maximum of 
the 25th cycle of solar activity, are taken into account. 
Key words: debris flows; landslides; solar activity; space weather; atmospheric circulation; 
elementary circulation mechanism.  
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